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A B S T R A C T   

Objective: The aim of this study was to determine overall survival and recurrence-free survival after resection of 
bronchopulmonary carcinoids by means of predominantly minimally invasive surgery and lung-sparing re-
sections. In addition, we aimed to identify prognostic factors for overall survival. 
Materials and methods: Retrospective review of consecutive patients operated for bronchopulmonary carcinoids 
between January 2009 and October 2020 identified from a prospectively collected database. 
Results: A total of 236 patients representing 240 cases of bronchopulmonary carcinoids were included. Of these, 
212 (88.3 %) were typical carcinoids, while 28 (11.7 %) were atypical carcinoids. A Video-Assisted Thoraco-
scopic Surgery (VATS) approach was used in 75 % of cases. There was no 30-day mortality. The median follow- 
up was 5.6 years for overall survival and 4.7 years for recurrence-free survival. 5- and 10-year overall survival 
rates were 89 % and 71 %, while 5- and 10-year recurrence-free survival rates were 84 % and 71 %. Patients with 
atypical carcinoids had significantly reduced overall survival and recurrence-free survival rates (HR 3.4; 95 % CI 
1.5–7.6; p = 0.003 and HR 5.4; 95 % CI 2.6–11.4; p < 0.001). Independent predictors of overall survival included 
atypical carcinoid (HR 2.7; 95 % CI 1.2–6.0; p = 0.018) and age > 60 years (HR 2.9; 95 % CI 1.2–7.3; p = 0.021). 
Conclusion: Surgery for bronchopulmonary carcinoids by means of predominantly VATS and lung-sparing re-
sections provides favorable long-term survival. Atypical carcinoids and age > 60 years are independent pre-
dictors of poor overall survival.   

1. Introduction 

Bronchopulmonary carcinoids (BC) are relatively rare primary lung 

malignancies accounting for 1 %–3 % of primary lung cancers and 25 % 
of all neuroendocrine neoplasms in the body [1,2]. However, the inci-
dence of these tumors has been rising significantly over the past three 

Abbreviations: AC, atypical carcinoid; BC, bronchopulmonary carcinoid; CI, confidence interval; CT, computed tomography; DLCO, diffusing capacity for carbon 
monoxide; F, female; FDG, 2-deoxy-2-[18F] fluoro-D-glucose; FEV1, forced expiratory volume in the first second; HR, hazard ratio; IB, intermedius bronchus; LLL, left 
lower lobe; LMSB, left mainstem bronchus; LUL, left upper lobe; M, male; OS, overall survival; P, p-value; PET, positron emission tomography; R0, radical resection; 
RFS, recurrence-free survival; RMSB, right mainstem bronchus; RLL, right lower lobe; RML, right middle lobe; RUL, right upper lobe; SD, standard deviation; SND, 
systematic mediastinal lymph node dissection; SPECT, single-photon emission computed tomography; SRI, somatostatin receptor imaging; TC, typical carcinoid; 
VATS, video-assisted thoracoscopic surgery. 
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decades [3,4], which may reflect increasing detection and identification 
of BC with the use of cross-sectional imaging and bronchoscopy [5]. 
According to histology criteria revised by Travis and colleagues in 2015 
[6], BC are divided into typical (TC) and atypical carcinoids (AC). TC 
comprise about 90 % of BC and show relatively low malignant behavior 
with excellent prognosis following complete resection. On the contrary, 
AC have a more aggressive behavior with a higher rate of metastases and 
lower overall survival (OS) and recurrence-free survival (RFS) [7–9]. 
Surgery remains the mainstay of treatment for patients with BC and 
choice of resection may vary according to tumor histology and stage 
[10]. 

Virtually all prior studies of long-term outcomes for BC are based on 
surgery utilizing open approach and relatively high proportions of 
extensive resections, such as pneumonectomies and bilobectomies. 
Moreover, the majority of published studies are small case series with 
only short-term follow-up. 

The aim of the current study was to analyze patients with BC oper-
ated with predominantly minimally invasive surgery and lung-sparing 
resections in one of the largest cohorts originating from a single center 
in the literature. The primary outcomes were OS and RFS. In addition, 
we assessed potential prognostic factors and analyzed a variety of de-
mographic and pathologic data for TC and AC to assess differences in 
patient characteristics and disease behavior. 

2. Materials and methods 

This cohort study was conducted according to the STROBE statement 
[11]. The study included all patients with histologically confirmed TC 
and AC who underwent surgical resection at the department of 
Cardiothoracic Surgery at the European Neuroendocrine Tumor Society 
Centre of Excellence at Copenhagen University Hospital, Rigshospitalet 
from January 2009 to October 2020. A total of 236 patients were 
identified. Baseline and treatment characteristics, such as demographic 
variables, resection details, pathology data, and follow-up information 
including recurrence status and methods of detection were extracted 
from a prospectively maintained neuroendocrine tumor database at 
Rigshospitalet (approved by The Danish Data Protection Agency, ref.no. 
2007-58-0015), the Danish National Pathology Database, and patient 
electronic medical records. The study was approved by the Danish Pa-
tient Safety Authority (ref.no. 31-1521-297). Patient informed consent 
was not required. 

Preoperative workup included a review of clinical history, physical 
examination, serum hematology and biochemistry, pulmonary function 
tests, chest X-ray, and contrast-enhanced computed tomography (CT) of 
the chest and upper abdomen. Further assessment of the extent of dis-
ease included a 2-deoxy-2-[18 F] fluoro-D-glucose (FDG) positron 
emission tomography (PET)/CT and fiberoptic bronchoscopy possibly 
with biopsy. Tumors were classified as central if they were visible by 
bronchoscopy and peripheral if not visible by the procedure. Additional 
staging, including either endobronchial ultrasound with fine needle 
aspiration or mediastinoscopy and supplementary somatostatin receptor 
imaging (SRI) by means of PET/CT or single-photon emission computed 
tomography (SPECT) was performed prior to surgery. PET/CT and 
SPECT readings were performed as part of the clinical routine according 
to the European Association of Nuclear Medicine guidelines [12]. PET 
and SPECT scans were read by a board-certified nuclear medicine 
physician in consensus with a board-certified radiologist reading the CT 
part of the scan. 

All patients were discussed at a multidisciplinary tumor board at the 
time of diagnosis for evaluation of physical operability and surgical 
resectability. Patients were eligible for surgery if tumor was considered 
radically resectable and if they had adequate performance status, as well 
as adequate pulmonary, cardiac, renal, and hepatic function. Adequate 
performance status was defined as a grade of 2 or below on the Eastern 
Cooperative Oncology Group Performance Status Scale [13]. 

Whenever possible, anatomic resections were performed rather than 

wedge resections. Lobectomies and sleeve resections were the standard 
procedures. Segmentectomies and ample wedge resections were only 
performed in patients with a compromised lung function. Sleeve re-
sections were preferred to pneumonectomies. Systematic mediastinal 
lymph node dissection (SND) was performed routinely with removal of 
at least six hilar and mediastinal nodes, of which at least three were 
mediastinal including the subcarinal station as defined by the Interna-
tional Association for the Study of Lung Cancer [14]. Video-assisted 
thoracoscopic surgery (VATS) was the standard surgical approach 
using a three-port anterior technique as previously described [15]. 
Muscle sparing antero- or posterolateral thoracotomy was reserved for 
patients with tumors larger than 7− 8 cm and/or tumors located in the 
main bronchi requiring sleeve resection. 

All tissue samples were examined by a team of experienced pathol-
ogists specializing in lung and neuroendocrine tumors. Tumors were 
classified as either TC (< 2 mitosis/2 mm2 of viable tumor and absence 
of necrosis) or AC (2–10 mitosis/2 mm2 of viable tumor and/or foci of 
necrosis) in accordance with the 2015 World Health Organization 
classification guidelines [6]. Pathology staging was performed accord-
ing to the seventh edition of the American Joint Committee on Cancer 
staging manual [16]. The Ki-67 index was determined as previously 
described [17]. 

Patients were followed in out-patient clinics with appointments one, 
three and six months after surgery and subsequently every twelve 
months with attention to history, physical examination, and CT or SRI. 
Patients with central tumors furthermore underwent bronchoscopy six 
months after surgery and subsequently every twelve months until five 
years from surgery. 

Recurrences were assessed on the basis of SRI-positive or CT-positive 
lesions, or biopsies. Locoregional recurrences were specified as new le-
sions at the resection site, including the staple line or bronchial stump, 
or at the ipsilateral hilar or mediastinal lymph nodes. Distant metastases 
were specified as tumors involving all other locations, including pleural 
and pericardial effusions. 

All patients were followed until death or until the end of the follow- 
up period (October 20, 2020). 

Recurrence status was censored at the time of the last follow-up scan. 
Vital status was confirmed by the Danish Social Security Death Index. 

2.1. Statistical analysis 

The statistical analyses were conducted according to the statistical 
and data reporting guidelines for the European Journal of Cardio- 
Thoracic Surgery and the Interactive CardioVascular and Thoracic 
Surgery [18]. Unpaired t-test or one-way ANOVA were used for 
continuous parameters to detect differences between groups, whereas 
the Chi square test was used for discrete parameters. 

Summary data are presented as proportions or mean with standard 
deviation. Kaplan-Meier analysis was used to estimate OS and RFS. OS 
was calculated from the date of surgery until death from any cause, 
while RFS was calculated from the date of surgery until tumor recur-
rence by either pathologic or imaging assessments or death from any 
cause. Patients who underwent surgery for synchronous or metachro-
nous BC were only included once in the survival analyses estimated from 
the date of the first surgery. Univariable Cox proportional hazard 
regression model was performed to determine predictors of OS, and only 
significant factors were included in the multivariable model. The 
multivariable Cox proportional hazard regression model was used to 
determine independent predictors of OS. Considered factors included 
sex, age, smoking history, histologic type, Ki-67 %, location, and N 
status. There were no missing data. All statistical tests were two-sided, 
and p values 0.05 or less were considered statistically significant. All 
analyses were performed using IBM SPSS Statistics for Mac, version 27 
(IBM Corp., Armonk, N.Y., USA). 
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3. Results 

3.1. Patients characteristics 

A total of 236 patients were included, of which three patients were 
diagnosed with synchronous TC and one patient with metachronous TC 
and AC resulting in 240 cases. 212 cases (88.3 %) were TC and 28 (11.7 
%) were AC. Table 1 summarizes the patient demographics, surgical 
procedures, and tumor characteristics. Notably, the majority of both TC 
and AC were women (n = 150; 71.3 %) and patients with a smoking 
history (n = 131; 61.8 %). Preoperative lung function and comorbidity 
status were similar in both groups, whereas TC patients were signifi-
cantly younger than AC patients (60 years [SD: 14] vs. 68 years [SD: 10]; 
p = 0.010). 

Five patients had paraneoplastic syndromes: Four patients had 
Cushing syndrome and one patient had carcinoid syndrome. 

3.2. Surgical management 

A radical resection (R0) was accomplished in all 240 cases. Lobec-
tomies were performed in most cases (n = 167; 69.6 %) followed by 
sleeve lobectomies (n = 28; 11.8 %) and wedge resections (n = 23; 9.6 
%). SND was performed in all anatomic resections (n = 217; 90.4 %) as 
well as in five wedge resections amounting to a total of 222 cases (92.5 
%). VATS was performed in the majority of cases (n = 180; 75.0 %). No 
VATS procedures were converted to an open approach. Thoracotomy 
was performed in the remaining cases (n = 60; 25.0 %), of which most 
(n = 33; 55.0 %) were sleeve lobectomies or bronchial sleeve resections 
without lung resection. Only one pneumonectomy was performed (0.4 
%) while nine patients underwent bilobectomy (3.8 %). Table 2 lists all 

the surgical resections classified according to surgical approach. The 
median postoperative hospitalization time was 4.5 days (SD: 5.8). No 
30-day postoperative mortality occurred. Major postoperative compli-
cations were limited to seven reoperations (2.9 %) due to bleeding (0.8 
%), prolonged air leak (0.8 %), empyema (0.4 %), chylothorax (0.4 %), 
and lung hernia (0.4 %). In addition, one patient (0.4 %) suffered from 
permanent unilateral recurrent laryngeal nerve paralysis. Minor com-
plications included prolonged air leak beyond 7 days (2.9 %), significant 
pneumothorax and/or pleural effusion after chest tube removal 
requiring reinsertion of chest tube (5.8 %), chylothorax conservatively 
treated (1.3 %), significant atelectasis requiring bronchoscopy (0.8 %), 
pneumonia (2.9 %), and atrial fibrillation (2.5 %). 

3.3. Pathology 

The majority of tumors were peripheral (n = 157; 65.4 %). The 

Table 1 
Patient demographics, surgical procedures, and tumor characteristics.  

Characteristics Total TC AC P 

Cases (patients n = 236) 240 (100.0 %) 212 (88.3 %) 28 (11.7 %)  
Sex F/M (%F) 171/69 (71.3 %) 150/62 (70.8 %) 21/7 (75.0 %) p = 0.825 
Age (mean ± SD) 61 ± 14 60 ± 14 68 ± 10 p = 0.010 
Smoking history yes/no (%yes) 149/91 (62.1 %) 131/81 (61.8 %) 18/10 (64.3 %) p = 0.839 
Preoperative FEV1 % of predicted (mean ± SD) 89.8 ± 20.5 89.6 ± 20.6 91.5 ± 19.6 p = 0.658 
Preoperative DLCO % of predicted (mean ± SD) 78.6 ± 16.4 78.2 ± 16.6 81.2 ± 14.9 p = 0.487 
Charlson comorbidity index (mean ± SD) 1.66 ± 1.9 1.63 ± 1.9 1.88 ± 2.3 p = 0.524 
Radical resection (% cases) 240 (100.0 %) 212 (100.0 %) 28 (100.0 %)  
Lobectomy 167 (69.6 %) 145 (68.4 %) 22 (78.6 %)  
Sleeve lobectomy 28 (11.7 %) 25 (11.8 %) 3 (10.7 %)  
Bilobectomy 9 (3.8 %) 9 (4.2 %) 0 (0.0 %)  
Pneumonectomy 1 (0.4 %) 1 (0.5 %) 0 (0.0 %)  
Segmentectomy 7 (2.9 %) 6 (2.8 %) 1 (3.6 %)  
Bronchial sleeve 5 (2.1 %) 5 (2.4 %) 0 (0.0 %)  
Wedge resection 23 (9.6 %) 21 (9.9 %) 2 (7.1 %)  
Tumor location, peripheral/central (%peripheral) 157/83 (65.4 %) 138/74 (65.1 %) 19/9 (67.9 %) p = 0.836 
Tumor size, mm (mean ± SD) 19.9 ± 12.3 19.6 ± 10.9 22.6 ± 20.2 p = 0.241 
Tumor size < 30 mm/ ≥ 30 mm (% < 30 mm) 200/36 (84.7 %) 179/31 (85.2 %) 21/5 (80.8 %) p = 0.564 
Ki-67 index (mean ± SD) 5.6 ± 5.2 4.3 ± 2.8 14.7 ± 8.4 p < 0.001 
T category     
T1 184 (76.7 %) 166 (78.3 %) 18 (64.3 %) p = 0.001 
T2 41 (17.1 %) 37 (17.5 %) 4 (14.3 %)  
T3 13 (5.4 %) 7 (3.3 %) 6 (21.4 %)  
T4 2 (0.8 %) 2 (0.9 %) 0 (0 %)  
N category     
N0 192 (80.0 %) 176 (83.0 %) 16 (57.1 %) p < 0.001 
N1 15 (6.3 %) 10 (4.7 %) 5 (17.9 %)  
N2 15 (6.3 %) 9 (4.2 %) 6 (21.4 %)  
N3 0 (0 %) 0 (0 %) 0 (0 %)  
Nx 18 (7.5 %) 17 (8.0 %) 1 (3.6 %)  
M category     
M0 237 (98.8 %) 210 (99.1 %) 27 (96.4 %) p = 0.312 
M1 3 (1.3 %) 2 (0.9 %) 1 (3.6 %)  

Values are mean ± SD or n (%). 
TC, typical carcinoid; AC, atypical carcinoid; F, female; M, male; SD, standard deviation; FEV1, forced expiratory volume in the first second; DLCO, diffusing capacity 
for carbon monoxide. 

Table 2 
Extent of resection and surgical approach for 240 bronchopulmonary carcinoids.  

Surgical resection Total VATS Thoracotomy 

Lobectomy 167 (69.6 %) 146 (87.4 %) 21 (12.6 %) 
Sleeve lobectomy 28 (11.7 %) 0 (0.0 %) 28 (100 %) 
Bilobectomy 9 (3.8 %) 4 (44.4 %) 5 (55.6 %) 
Pneumonectomy 1 (0.4 %) 0 (0 %) 1 (100 %) 
Segmentectomy 7 (2.9 %) 7 (100 %) 0 (0 %) 
Bronchial sleeve resection 5 (2.1 %) 0 (0.0 %) 5 (100.0 %) 
Wedge resection 23 (9.6 %) 23 (100 %) 0 (0 %) 
Total 240 (100 %) 180 (75 %) 60 (25 %) 

Values are n (%). 
VATS, video-assisted thoracoscopic surgery. 
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peripheral tumors were more frequent in the middle lobe (n = 48; 30.6 
%), while the other lobes each showed roughly the same number of 
cases. Notably, the vast majority of the central tumors were located in 
the lobar or segmental bronchi (n = 76; 91.6 %). Fig. 1 shows the lo-
cations of the central and peripheral tumors. 

Ki-67 index was significantly higher in AC patients than in TC pa-
tients (14.7 % [SD: 8.4] vs. 4.3 % [SD: 2.8]; p < 0.001). 

Tumor stages were significantly more advanced in the AC group. In 
detail, 166 (78.3 %) of TC patients were T1, while only 18 (64.3 %) of 
AC patients were T1 (p = 0.001). Similarly, 176 (83.0 %) of TC patients 
were N0, while only 16 (57.1 %) of AC patients were N0 (p < 0.001). 
There were only three patients with distant metastases at the time of 
surgery. 

4. Overall survival and recurrence-free survival 

Median follow-up time was 5.6 years (range 0.6–11.8) for OS and 4.7 
years (range 0.6–11.3) for RFS. Median survival time was only reached 
for AC patients, which was 8.4 years (95 % CI 3.1–13.8). 

For the whole cohort, OS rates at 5 and 10 years were 89 % and 71 % 
(Fig. 2a), while RFS rates were 84 % and 71 % (Fig. 2b). 

Of the 236 enrolled patients, the majority were stage IA (n = 166), 
while 27 were stage IB, 7 stage IIA, 16 stage IIB, 15 stage IIIA, 2 stage 
IIIB and 3 stage IV. Comparing stage I with stage II and stage III/IV 
disease, respectively, there was no significant difference between the 
three stages for either OS (Fig. 2c) or RFS (Fig. 2d). 

Patients with AC had significantly shorter OS than patients with TC 
(Hazard Ratio [HR] 3.4; 95 % Confidence Interval [CI] 1.5–7.6; 
p = 0.003) (Fig. 3a). Likewise, RFS was significantly shorter for AC 
compared to TC (HR 5.4; 95 % CI 2.6–11.4; p < 0.001) (Fig. 3b). Esti-
mated 5 and 10 year OS rates were 91 % and 76 % for TC, whereas 5 year 
OS rate was 74 % for AC. For TCs, 82 % and 74 % of cases were 
recurrence-free at 5 and 10 years following surgery, respectively, while 
46 % of ACs were recurrence-free at 5 years following surgery. OS and 
RFS rates for AC could not be estimated at 10 years, because of too few 
patients at risk. 

Patients with central tumors had significantly longer OS than pa-
tients with peripheral tumors (HR 2.5; 95 % CI 1.1–5.8, p = 0.030) 
(Fig. 3c) as well as longer RFS (HR 2.4; 95 % CI 1.1–5.2, p = 0.029) 
(Fig. 3d). The OS rates for central tumors at 5 and 10 years were 94 % 
and 82 %, whereas the corresponding rates for peripheral tumors were 
86 % and 64 %. RFS rates for central tumors at 5 and 10 years were 92 % 
and 84 %, while the corresponding rates for peripheral tumors were 78 
% and 62 %. 

During the follow-up period, five TC (2.4 %) and seven AC patients 
(25 %) experienced recurrences. 

The TC recurrences were distributed as two locoregional recurrences 
and three distant metastases. All these five incidents occurred in N0 
patients. The AC recurrences were distributed as five locoregional re-
currences and two distant metastases. Of those, four were in N0 patients 
and three were in N1/N2 patients with one case of distant metastasis in 
each N0 and N1/N2 group. All recurrences were diagnosed on follow-up 
SRI PET/CT or SPECT scans in asymptomatic patients. 

On multivariate analysis, atypical histology and age > 60 were sig-
nificant predictors of poor OS (HR 2.92; 95 % CI 1.18–7.25; p = 0.021 
and HR 2.66; 95 % CI 1.19–5.96; p = 0.018) (Table 3). 

5. Discussion 

To our knowledge this is the largest single-center study of long-term 
OS and RFS after resection for BC and the only major study where sur-
gery for BC is predominantly VATS and lung-sparing resections. 

Of the 240 cases, TC accounted for 88.3 % vs. 11.7 % for AC, which is 
in line with previous studies describing a 10:1 relationship between 
frequencies of TC and AC [19]. 

Women were remarkably overrepresented in our cohort accounting 
for 171 patients (71.3 %). Two previous large studies found similar ra-
tios of women and men [9,20], although, most studies describe cohorts 
with 55 %–65 % women. Of note, a few larger studies have contrarily 
reported opposite proportions with male majorities in the range from 54 
% to 63 % [21–23]. 

AC patients were significantly older at diagnosis than TC patients, 
which correlates well with prior studies [24,25]. However, the mean age 
at time of diagnosis for TC and AC (60 vs. 68 years) differs somewhat 
from most studies that generally show a slightly younger mean age of 
about 50–55 years for TC and 60–65 years for AC [26,27]. 

In accordance with current guidelines [10], all our patients received 
a radical resection and the vast majority received SND. In contrast to 
other studies reporting on long-term outcomes after resection for BC, the 
vast majority of our patients were operated with VATS. Only three 

Fig. 1. Anatomic location of central and peripheral bronchopulmonary carci-
noids. 
a. Location of central tumors. 
b. Location of peripheral tumors. 
RMSB, right mainstem bronchus; LMSB, left mainstem bronchus; IB, inter-
medius bronchus; RUL, right upper lobe; RML, right middle lobe; RLL, right 
lower lobe; LUL, left upper lobe, LLL, left lower lobe. 
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studies of long-term outcomes after resection for BC describe the use of 
VATS, and in those studies VATS was only performed in the minority of 
patients. The study by Yang and colleagues included 44 patients with 3 
VATS procedures (7 %), while the study by Kasprzyk and colleagues 
included 90 patients with 20 VATS procedures (22 %), and the study by 
Lee and colleagues included 142 patients with 65 VATS procedures (46 
%) compared to 240 cases with 180 VATS procedures (75 %) in our 
study [9,28,29]. Furthermore, the proportions of lung-sparing resections 
and extensive lung resections in this study are among the very highest 
and very lowest figures, respectively, reported in the literature. 

VATS has been proven to be of great benefit for the patient due to 
fewer postoperative complications, less pain, shorter hospital stay, 
earlier return to normal activities, better tolerance of adjuvant chemo-
therapy, and overall reduced cost [30–32]. In our study, thoracotomy 

was reserved for patients with the largest and most central tumors with 
high probability of sleeve lobectomy or bronchial sleeve resection as 
possible alternatives to pneumonectomy. Sleeve lobectomy is superior 
to pneumonectomy with regard to both short-term complications and 
long-term survival and recurrence [33–35]. Recently, an increasing 
number of minor studies from experienced centers have described the 
use of VATS for sleeve lobectomy in a variety of different lung cancers 
including BC and found comparable feasibility and short-term outcomes 
of morbidity and mortality to an open approach [36,37]. 

Traditionally, BC have been considered to present mainly as central 
tumors [38], but in more recent years several studies have reported 
cohorts of about fifty-fifty ratios of central and peripheral tumors [8,27, 
39]. We report a majority of patients with peripheral tumors (n = 157; 
65.4 %) with roughly the same ratios between TC and AC. To our 

Fig. 2. Kaplan-Meier curves on overall survival and recurrence-free survival for bronchopulmonary carcinoids. 
a. Overall survival curve for bronchopulmonary carcinoids. 
b. Recurrence-free survival curve for bronchopulmonary carcinoids. 
c. Overall survival curves for bronchopulmonary carcinoids stratified by pathologic stage into stage I, stage II, and stage III + IV. 
d. Recurrence-free survival curves for bronchopulmonary carcinoids stratified by pathologic stage into stage I, stage II, and stage III + IV. 
OS, overall survival; RFS, recurrence-free survival. 
Pathologic staging performed according to the seventh edition of the American Joint Committee on Cancer staging manual [16]. 
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knowledge, no other studies have described cohorts with peripheral 
tumors to this extent. 

Most central and peripheral tumors occurred in the right lung with 
no difference between TC and AC. The fact that BC more frequently 
present in the right lung is well described by a plurality of past studies 
[7,23,40]. Moreover, the peripheral tumors were remarkably more 
frequent in the middle lobe, which is also reported by other studies [7, 
41,42]. Most of the central tumors were located in the lobar and 
segmental bronchi concurrent with previous studies [43,44]. 

In accordance with established literature, patients with AC presented 
significantly more often with higher T category and nodal involvement 
compared to patients with TC [40]. 

The Ki-67 index was significantly higher in AC patients (14.7 [SD: 
8.4]) than in TC patients (4.3 [SD: 2.8]), suggesting a cutoff value at 6 % 
to distinguish between the two groups, which is in agreement with the 

Fig. 3. Kaplan-Meier curves on overall survival and recurrence-free survival for typical and atypical carcinoids. 
a. Overall survival curves for bronchopulmonary carcinoids stratified by histologic type into typical and atypical carcinoids. 
b. Recurrence-free survival curves for bronchopulmonary carcinoids stratified by histologic type into typical and atypical carcinoids. 
c. Overall survival curves for bronchopulmonary carcinoids stratified by tumor location into central and peripheral carcinoids. 
d. Recurrence-free survival curves for bronchopulmonary carcinoids stratified by tumor location into central and peripheral carcinoids. 
TC, typical carcinoid; AC, atypical carcinoid; OS, overall survival; RFS, recurrence-free survival. 

Table 3 
Univariable and multivariable cox proportional hazard regression models.   

Univariable Multivariable 

Factors HR 95 % CI P HR 95 % CI P 

Female sex 1.70 0.86–3.37 0.128    
Age > 60 years 3.75 1.55–9.07 0.003 2.92 1.18–7.25 0.021 
Smoking history 1.86 0.88–3.90 0.100    
Atypical carcinoid 3.42 1.53–7.62 0.003 2.66 1.19–5.96 0.018 
Ki-67 index > 6 % 1.62 0.76–3.44 0.213    
Peripheral location 2.52 1.10–5.79 0.030 1.78 0.76–4.18 0.184 
Nodal involvement 

(N1/N2) 
1.31 0.70–2.46 0.401    

Variables influencing survival. Endpoint: overall survival. 
CI, confidence interval; HR, hazard ratio. 
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2015 World Health Organization guidelines that stratifies the Ki-67 
index into 0–5 % for TC and 6–20 % for AC [45]. 

Our survival analysis revealed favorable OS and RFS for BC as a 
group, but AC was associated with significantly reduced survival rates 
compared to TC. A review of the literature focusing on individual studies 
including more than one hundred patients indicates that our long-term 
outcomes are comparable with previous findings [7,23,26,43]. To our 
knowledge, only one other study by Bini and colleagues reported sur-
vival rates with regard to tumor location [46]. That study involved 54 
patients distributed as 45 TC (83 %) and 9 AC (17 %) patients, where 37 
tumors (69 %) were central and 17 tumors (31 %) were peripheral with 
the same proportion of central and peripheral locations between the two 
groups. The study found similar OS rates at 5 and 10 years for central 
and peripheral tumors to our study but found no statistical difference in 
OS between the two groups on univariable analysis. 

We observed significantly reduced OS and RFS in peripheral tumors 
on univariable analysis, however, the difference proved not statistically 
significant on multivariable analysis. 

In univariable Cox proportional hazard regression models AC his-
tology, age > 60, and peripheral location of tumor were found to be 
significant negative prognostic factors for OS. However, in multivariate 
analysis only AC histology and age > 60 years were found to be inde-
pendent prognostic factors for OS. Sex, smoking, Ki-67 index > 6, pe-
ripheral location of tumor, and nodal involvement were not significant 
factors for OS in our study. This correlates well with past reports, 
although, nodal involvement has previously been associated with 
shorter OS [21,22,43]. Important aspects of those studies are either a 
relatively high proportion of node-positive patients or a very long 
follow-up. Two of the studies are authored by Filosso and colleagues in 
2002 and 2013 and describe cohorts of 16 % and 20 % node-positive 
patients with median follow up times of seven and five years, respec-
tively, while the third study is authored by Rea and colleagues in 2007 
and describes a cohort consisting of 12 % node-positive patients with 
median follow-up time of ten years. 

We followed all patients with annual SRI, and all patients who 
experienced recurrence (n = 12; 5.1 %) were diagnosed on the basis of 
positive follow-up scans. Of these, five patients were node-negative TC 
patients. Recent consensus guidelines by the Commonwealth Neuroen-
docrine Tumour Research Collaboration and the North American 
Neuroendocrine Tumor Society introduced a paradigm shift in the rec-
ommended management by no longer recommending follow-up of pa-
tients with node-negative TC. This change was primarily based on the 
study by Lou and colleagues [20], who investigated recurrence rates in 
337 resected patients distributed as 291 TC patients (86.4 %) and 46 AC 
patients (13.6 %). With a median follow-up time of 3.5 years, they found 
that only nine of the TC patients (3.1 %) recurred compared to 12 re-
currences in the AC patients (26.1 %). However, when considering 
solely node-negative TC patients only six out of 268 patients (2.2 %) 
recurred. Besides presenting convincing evidence of very low recurrence 
rates in node-negative TC patients, the study furthermore concluded that 
only five of the total number of 21 recurrences (23.8 %) were diagnosed 
as a result of the scheduled follow-up scans. The remaining 16 cases 
(76.2 %) were identified incidentally or because of symptoms experi-
enced between scheduled follow-up visits. In comparison, our study 
found the same percentages of recurrences in TC and AC patients, 
however all patients were diagnosed because of their SRI. The peak of 
recurrences in TC generally occurs late [27,39,47], suggesting a need for 
lifelong follow-up. On the contrary, the AC recurrences are generally 
observed within five years. The design of follow-up must weigh the risk 
of recurrence against the potential for harm arising from the follow-up 
itself in the form of unnecessary additional imaging and procedures on 
the basis of false-positive results [48]. Thus, one should consider the 
number needed to treat. In this case, the number of patient scans needed 
to identify one curable recurrence. For node-negative TC, this number is 
likely to be very high and costly. Data on even longer follow-up will be 
enlightening, and we will therefore revisit our cohort in the future. 

6. Conclusion 

In conclusion, this study adds evidence that TC and AC diverge 
considerably in patient characteristics, disease behavior and long-term 
prognosis. AC and age > 60 years are significant predictors for poor 
survival. OS and RFS after resection by predominantly VATS and with 
the use of mainly sleeve resections in case of advanced local disease are 
favorable compared to results of previous studies utilizing exclusively 
open approach and higher proportions of pneumonectomies and bilo-
bectomies in advanced local disease. 
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