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Abstract
Background: Traditionally, surgical resection is the preferred treatment for typical carcinoids and atypical carcinoids located in the lungs. Recently however, several studies
have shown excellent long-term outcome after endobronchial treatment of carcinoid tumors located in the central airways. This study investigates clinical and radiological features as predictors of successful endobronchial treatment in
patients with a bronchial carcinoid tumor. Objectives: To
identify clinical and radiological features predictive of successful endobronchial treatment in patients with bronchial
carcinoid. Methods: This analysis was performed in a cohort
of patients with typical and atypical bronchial carcinoid referred for endobronchial treatment. Several patient characteristics, radiological features, and histological grade (typical
or atypical carcinoid) were tested as predictors of successful
endobronchial treatment. Results: One hundred and twenty-five patients with a diagnosis of bronchial carcinoid underwent endobronchial treatment. On multivariate analysis,
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a tumor diameter <15 mm (odds ratio 0.09; 95% confidence
interval 0.02–0.5; p = <0.01) and purely intraluminal growth
on computer tomography (CT scan) (odds ratio, 9.1; 95%
confidence interval 1.8–45.8; p = <0.01) were predictive of
radical endobronchial treatment. The success rate for intraluminal tumors with a diameter <20 mm was 72%. Conclusions: Purely intraluminal disease and tumor diameter on CT
scan seem to be independent predictors for successful endobronchial treatment in patients with bronchial carcinoid.
Based on these data, patients with purely intraluminal carcinoid tumors with a diameter <20 mm on CT scan are good
candidates for endobronchial treatment, regardless of histological grade. In contrast, all patients with a tumor diameter
≥20 mm should be directly referred for surgery.
© 2018 The Author(s)
Published by S. Karger AG, Basel

Introduction

Pulmonary carcinoid tumors are included in the group
of neuroendocrine tumors (NETs) and derive from pulmonary neuroendocrine cells [1, 2]. Pulmonary NETs
comprise around 20% of all lung tumors and are divided
in 2 groups based on specific tumor characteristics. The
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first group consists of high-grade small cell carcinoma
and large cell neuroendocrine carcinoma, both characterized by a high mitotic rate, aggressive behavior, and a predisposition to metastasize early [2]. The second group
consists of atypical carcinoid (AC) and typical carcinoid
(TC). These tumors have a more benign morphology,
are less aggressive, and have a lower tendency to metastasize [3].
Traditionally, surgical resection is the preferred treatment for both TC and AC. Recently, however, several
studies have shown excellent long-term outcome after
endobronchial treatment (EBT) of carcinoid tumors located in the central airways [4–9]. When compared with
surgery, EBT is a minimally invasive and parenchymasparing technique. Not all patients with carcinoid located in the central airways are candidates for EBT because
several parts of the bronchial carcinoids have an extraluminal component. In a previous study from our institute, it was reported that EBT is successful in 42% of
patients [5]. If curation cannot be achieved by EBT, other advantages of EBT may include deobstruction of the
involved bronchus with ensuing resolution of postobstructive pneumonia and reduction of the extent of the
subsequent surgical resection. However, these unsuccessful beneficial effects have not been proven. Since serious complications can occur during EBT [5] and because EBT attempts can delay curative treatment, it is
critical to assess as soon as possible whether or not patients are good candidates for EBT. Identification of
those patients with bronchial carcinoid who are good
candidates for EBT would facilitate adequate selection
of the most appropriate treatment modality. In the current study, we aimed to identify clinical and radiological
factors predictive of successful EBT in patients with
bronchial carcinoid.

based on information obtained from the chest CT scan and the
bronchoscopy. Patients were excluded from EBT in the case of
evident and significant extraluminal growth, lymph node involvement, or evidence of multifocal/disseminated disease on
CT scan. EBT was performed under general anesthesia. At the
discretion of the interventional pulmonologist, removal of the
carcinoid tissue was established using yttrium aluminum garnet
laser, cryo- or electrosurgery, mechanical debulking, or a combination of these techniques. To prevent recurrences we treated
the base with cryotherapy. The excised specimen was sent for
pathology for definite histology and classification. To detect residual disease, repeat bronchoscopy and CT scan were typically
planned 6 weeks after EBT. Biopsies were obtained if residual
carcinoid was suspected. Surgery was planned in those patients
with extensive residual disease. In patients with minimal residual disease EBT was repeated if deemed feasible. In the absence of
residual disease, patients were followed with CT scan and bronchoscopy annually.
For the current analysis, we retrospectively reviewed the patients from the cohort in order to identify clinical and radiological
factors predictive of successful EBT. Successful EBT was defined
as the absence of residual disease during the first 2 years of followup with CT scan and bronchoscopy after EBT. Disease seen during follow-up after 2 years was defined as recurrence of disease.
The following potentially predictive factors for successful EBT
were considered: sex, age, smoking history, ASA (American Society of Anesthesiologists) classification [10], location (central: trachea and main bronchi; peripheral: segmental branches or more
distal), diameter of the carcinoid tumor on CT scan, purely intraluminal disease on CT scan, purely intraluminal disease during
bronchoscopy, and final pathology (TC, 0–1 mitosis per mm2 and
AC, ≥2 mitosis per mm2). Available CT images of sufficient quality were revised by a senior chest radiologist and a resident. Sufficient quality of CT images was defined as the availability of digital images with an axial slice thickness of ≤5 mm. A structured
assessment was made with the following parameters: tumor location, tumor diameter (long axis, axial plane), signs of pneumonia
and/or atelectasis, signs of extraluminal disease, enlarged lymph
nodes, and distant metastases. Patients in whom tumor extension
on CT scan could not be clearly assessed were scored as “indeterminate” by the radiologist and were added to the “possible
extraluminal disease” group for the purpose of the statistical
analyses.

Study Design and Methods
With Institutional review board approval (Medical Ethics Review Committee of VU University Medical Center; IRB00002991),
a cohort of patients referred to our tertiary referral center for
EBT of (suspected) bronchial carcinoids was established between June 1991 and August 2015. Details of this patient cohort
and the EBT technique have been described previously [5]. In
short, prior to treatment all patients underwent a computed tomography (CT) scan of the chest and bronchoscopy as part of
the routine workup. Radiological images were not stored as part
of the prospective cohort study. After informed consent, EBT
was performed by experienced interventional pulmonologists
and procedural data were registered. The procedure was planned

Analysis
The statistical analyses and calculations were performed with
SPSS 22.0 (SPSS Inc., Chicago, IL, USA). Categorical variables
were expressed as proportions and continuous variables as means
and standard deviations. We tested the univariate associations between the independent prognostic factors (sex, age, smoking, ASA
score, location, diameter on CT scan, purely intraluminal disease
on CT scan, purely intraluminal disease at bronchoscopy, and histology after bronchoscopy – typical/atypical) and the dependent
factor “successful EBT,” by either the Fisher exact test (dichotomous/nominal variables) or the t test (continuous variables). Effect
sizes for the univariate associations were presented as odds ratios
(ORs) or mean differences, both with appropriate 95% confidence
intervals. Subsequently, a multivariate logistic regression model
with backward selection was fitted. A p value of <0.05 indicated
statistical significance.
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Patients with
(a)typical carcinoid
n = 154

Bronchoscopy
n = 154

EBT performed
n = 125

Not eligible for EBT
n = 29

Follow-up
bronchoscopy + CT
n = 125

EBT successful
n = 61

EBT unsuccessful
n = 64*

Fig. 1. Treatment of patients with bronchi-

Table 1. Baseline data of patients who received EBT

125 (100)
48.4 (14–85)
70 (56)
55 (44)
61 (49)
57 (46)
7 (5)
60 (48)
42 (34)
23 (18)
0 (0)
0 (0)
42 (34)
24 (20)
23 (18)
23 (18)
3 (2)
3 (2)
5 (4)
2 (2)

Values are n (%) unless otherwise indicated. EBT, endobronchial
treatment; ASA, American Society of Anesthesiologists.
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Surgery
n = 82

No surgery
n=8

al carcinoid. EBT, endobronchial treatment. * Due to residual or extraluminal
disease.

Patients
Mean age (SD), years
Gender
Female
Male
Smoking
Former/current smoker
Never smoker
Missing
Comorbidity
ASA 1
ASA 2
ASA 3
ASA 4
ASA 5
Presenting symptoms
Pneumonia
Cough
Dyspnea
Hemoptysis
Asthma-like disease
Incidental finding
Other
Unknown

No surgery
n=3
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Results

From June 1991 until August 2015, 154 patients were
referred for EBT, of whom 125 underwent EBT (Fig. 1).
Baseline characteristics of the patients who underwent
EBT are presented in Table 1. The mean age was 48.4
years (SD 14–84) and 56% (n = 70) of the patients were
female. Patients were classified by the anesthesiologist as
ASA I in 48% (n = 60), ASA II in 34% (n = 42) and ASA
III in 18% (n = 23). Most patients presented with (recurrent) pneumonia (n = 42, 34%). Other symptoms were
cough (n = 24, 20%), hemoptysis (n = 23, 18%), and dyspnea (n = 23, 18%). Twenty-nine patients (19%) were not
eligible for EBT due to significant extraluminal disease
reported on CT scan or during bronchoscopy (n = 26), or
because of the presence of multiple tumor lesions (n = 3)
(Fig. 1). Of the 125 patients (81%) who underwent EBT,
the majority of patients were treated in 1 session (n = 77,
62%). A total of 2, 3, 4, or even 5 EBTs were necessary in
26% (n = 33), 6% (n = 7), 2% (n = 3), and 4% (n = 5) of
patients, respectively. EBT was successful in 61 patients
(49%). EBT was unsuccessful in 64 patients (51%) due to
extraluminal disease (n = 51, 80%) or histologically confirmed residual disease (n = 13, 20%). Patients not eligible
for EBT (n = 29, 19%) and those in whom EBT failed and
were subsequently considered not eligible for repeat EBT
(n = 64, 42%) were candidates for surgical resection (n =
Reuling/Dickhoff/Plaisier/Coupé/
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Table 2. Prognostic factors of successful (n = 61) and unsuccessful (n = 64) EBT
Prognostic factors

Sex
Male
Female
Smoking
Current or former
Never smoker
Unknown
Mean age, years
ASA classification
ASA 1
ASA 2
ASA 3
Location
Central lesion
Peripheral lesion
Diameter CT scana (mean 15 mm)
≤15 mm
>15 mm
Indeterminate
Missing
Purely intraluminal disease on CT scana
Yes
No
Missing
Purely intraluminal disease at
bronchoscopy
Yes
No
Indeterminate
Histology after bronchoscopy
Typical
Atypical
No differentiation possible

Successful
EBT

Unsuccessful
EBT

Univariate OR (95% CI)
analysis, p

29 (48)
32 (52)

26 (41)
38 (59)

0.3

0.8 (0.7 to 2.7)

–

–

36 (59)
20 (33)
5 (8)
49.0

25 (39)
37 (58)
2 (3)
47.9

0.01

2.7 (1.3 to 5.6)

ns

–

0.7

1.2 (–4.7 to 7.1)b

–

–

28 (46)
19 (31)
14 (23)

32 (50)
23 (36)
9 (14)

0.4

–

–

47 (77)
14 (23)

50 (78)
14 (22)

0.5

0.9 (0.5 to 2.5)

–

–

16 (26)
2 (3)
18 (30)
25 (41)

11 (17)
25 (39)
22 (34)
6 (9)

<0.01

11.3 (6.9 to 15.7)b

<0.01

0.09
(0.02 to 0.5)

27 (44)
9 (15)
25 (41)

46 (72)
12 (19)
6 (9)

<0.01

11.5 (4.3 to 30.8)

<0.01

9.1
(1.8 to 45.8)

3 (5)
55 (90)
3 (5)

27 (42)
31 (48)
6 (10)

<0.01

9.6 (3.6 to 25.4)

NS

–

54 (89)
7 (11)
0 (0)

51 (80)
12 (18)
1 (2)

0.3

1.8 (0.7 to 4.8)

–

–

–

Multivariate
analysis, p

OR (95% CI)

Values are n (%) unless otherwise indicated. EBT, endobronchial treatment; ASA, American Society of Anesthesiologists. Significant
p values are presented in italics. ns, not significant. a n = 94. b Mean difference (95% CI).

93, 60%). Eighty-two of these patients (53%) underwent
surgical resection. The operations performed included 32
lobectomies, 21 bilobectomies, 6 pneumonectomies, 21
sleeve lobectomies, 1 bronchus sleeve, and 1 segmentectomy. The median time between unsuccessful EBT and
surgery was 3 months (interquartile range 9 months).
Eleven patients (7%) did not proceed to surgery; 8 patients (5%) were deemed inoperable due to poor physical
status/comorbidities and 3 patients (2%) refused surgery.
Of all 125 patients treated with EBT, 10 (8%) had residual or recurrence of disease during follow-up. Four (3%)
patients showed residual disease ≤2 years after EBT. One

(1%) patient was treated with EBT and 3 (2%) received a
lobectomy. Only 6 (5%) patients showed a recurrence
more than 2 years after the first EBT. Two (2%) patients
refused surgery and are alive with disease. The other 4
(3%) patients received a surgical resection and are still
alive without disease (see online suppl. Table 4a, b; see
www.karger.com/doi/10.1159/000484984 for all online
suppl. material).
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Survival
Of all 61 patients in whom EBT was successful, 52
(85%) are still alive without signs of disease recurrence.
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Tumor diameter on CT scan, mm

40

30

20

diameter and growth pattern

Tumor diameter/growth pattern

Successful

%

<20 mm/purely intraluminal growth
<20 mm/possible extraluminal growth
≥20 mm/purely intraluminal growth
≥20 mm/possible extraluminal growth

13/18
5/18
0/20
0/1

72
28
0
0

10

0

Successful EBT

Unsuccessful EBT

Fig. 2. Tumor diameter as assessed on initial CT scan in patients

with successful and unsuccessful endobronchial treatment (EBT).

Seven (12%) patients died of another cause, 1 patient (2%)
died of an unknown cause, and 1 patient (2%) was lost to
follow-up. Of the 56 patients who underwent surgery after unsuccessful EBT, 47 (84%) are still alive without disease recurrence. Three (5%) patients had recurrence of
disease after surgery but are still alive. Two patients (4%)
died of another cause, 3 (5%) patients died due to factors
related to the bronchial carcinoid (2 metastatic disease
and 1 due to postoperative complications), and 1 (2%)
was lost to follow-up (see online suppl. Table 5a, b). The
median follow-up time of all included patients was 82
months (interquartile range 98 months).
Complications
EBT remained uncomplicated in 86% (n = 108) of the
patients. Complications were bleeding (n = 12, 9%; 1 of
which required emergency surgery), bronchospasm (n =
1, 1%), a broken tooth (n = 1, 1%) due to rigid bronchoscopy, vocal cord paralysis (n = 1, 1%), and stricture of the
bronchial tree (n = 2, 2%).
Factors Predicting Successful EBT
Table 2 shows the univariate and multivariate analysis
of prognostic factors of successful EBT. For the purpose
of the multivariate analysis, tumor diameter on CT scan
was dichotomized by using the median as the cutoff value
(15 mm). Smoking (p = 0.01), purely intraluminal disease
on CT scan (p = <0.01) or during bronchoscopy (p =
<0.01), and tumor size on CT scan (p = <0.01) were sig224
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nificantly associated with successful EBT on univariate
analysis. Multivariate analysis revealed tumor size (<15
mm) on CT scan and purely intraluminal growth on CT
scan as significant independent predictors for successful
EBT. No patient with a tumor size ≥20 mm was successfully treated by EBT (Fig. 2). Agreement between CT scan
and bronchoscopy with regard to luminal extension was
poor, since 41% of patients with possible extraluminal
growth on CT scan were diagnosed as purely intraluminal
during bronchoscopy. When combining the significant
prognostic factors (tumor diameter and growth pattern
on CT), we found that small (<20 mm) purely intraluminal tumors had a success rate of 72% (Table 3).
Discussion

We found that purely intraluminal disease on CT scan
and tumor diameter on CT scan are independent predictors of successful EBT, whereas patient characteristics,
bronchoscopic findings, and histological grade are not.
Tumor diameter is the strongest predictor of successful
EBT.
In the current study, we show that patients with a carcinoid tumor <20 mm, as identified on CT scan, can be
safely treated with EBT regardless of histological grade.
For these patients EBT represents a minimally invasive
and parenchyma-sparing alternative for surgical resection. Because no patient with a tumor ≥20 mm was successfully treated with EBT, we suggest that these patients
are directly referred for surgery. This would also make
sense from a biological standpoint since it has been demonstrated earlier that tumor diameter has a prognostic
impact. A diameter ≥30 mm is associated with advanced
histological grade and poorer prognosis [11–15].
For patients with carcinoid tumors with possible extraluminal disease on CT scan, EBT is associated with a
low success rate. However, it is intriguing that 28% of
small tumors (<20 mm) with possible extraluminal
Reuling/Dickhoff/Plaisier/Coupé/
Mazairac/Lely/Bonjer/Daniels

Tumor diameter <20 mm
and
no signs of lymph node involvement

Purely intraluminal disease

Perform EBT

success rate 72%

Tumor diameter ≥20 mm
and/or
signs of lymph node involvement

Possible extraluminal disease

Color version available online

CT scan
in patients with
bronchial carcinoid

Refer for
surgery

Consider EBT

success rate 28%

Fig. 3. Suggested treatment protocol of bronchial carcinoid based on assessment of the baseline CT scan. EBT,

endobronchial treatment.

growth on CT scan can still be successfully treated with
EBT (Table 3). This means that almost 1 in 3 patients
with a small bronchial carcinoid and possible extraluminal disease on CT scan might benefit from EBT. There
could be several explanations for this finding. First, tumor growth with obstruction of the involved bronchus
can cause inflammation or atelectasis, which makes it
difficult for the radiologist to definitively rule out extraluminal growth. Indeterminate tumor growth on CT
scan, as scored by our radiologist, was classified as possible extraluminal disease in our analysis. As a consequence, the “possible extraluminal disease” group might
have contained some purely intraluminal tumors. This is
the reason that in practice we schedule a follow-up visit
6 weeks after EBT with bronchoscopy and CT scan. The
removal of intraluminal disease and subsequent resolution of atelectasis often makes the second CT scan easier
to interpret with regard to extraluminal extension. Radial endobronchial ultrasound can improve the assessment of tumor extent in or beyond the bronchial wall,
but this technique was not used in the current study [16,
17]. Second, the tumor can invade the bronchial wall
without extending beyond it. It seems feasible to treat
bronchial wall involvement or minimal extraluminal disease with techniques such as cryotherapy. Cryotherapy
seems a very suitable technique in these patients because
it is directed to tissues with high water content, thereby
sparing the cartilaginous structures in the bronchial wall.
Bertoletti et al. [4] specifically focused on the use of cryotherapy for the treatment of bronchial carcinoid in 18

patients and reported favorable long-term outcome.
They proposed to treat the base of the carcinoid with
cryotherapy to prevent local recurrence. Over the years,
this approach has become standard practice at our institution as well.
The need for lymph node resection in TC and AC is an
issue of ongoing debate. Previous studies showed that parenchyma-sparing therapy (e.g., bronchoscopic resection, bronchial sleeve resections), without lymph node
dissection, did not influence survival in patients with TC
and AC [4, 5, 8, 18–20]. In contrast, other studies showed
nodal status to be a very important prognostic factor, particularly in AC [11, 13–15, 21–26]. With this in mind,
preoperative staging of TC and AC, with specific attention to lymph node status, is very important, especially
when treating patients with minimal invasive techniques
like EBT, as lymph nodes are not sampled during this
technique. With a specificity of 90–93% for the assessment of nodal involvement in patients with bronchial
carcinoids, a preoperative CT scan is a reliable tool for
excluding lymph node involvement before EBT, and is
therefore mandatory in the workup for patients with
bronchial carcinoid tumors [13, 27]. In this study we used
2 years as a cutoff point to define successful EBT and experienced a very low total recurrence rate of 5%. This can
help clinicians in informing patients about EBT for bronchial carcinoids. Furthermore, this serves as a practical
surrogate end point for future prospective studies. Figure
3 shows a suggested flowchart to aid the selection of patients for EBT.
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The findings of the present study must be interpreted
in the context of several potential limitations. Since the
patients were referred to our hospital for treatment with
EBT, the population included in this study has been exposed to selection bias. We assume that small tumors located in the central airways were referred to our center
while larger tumors were directly referred for thoracic
surgery. Furthermore, this is a single-center study, with
experienced interventional pulmonologists in a tertiary
referral center. This means that results cannot be extrapolated to everyday practice in other hospitals. Because
EBT of bronchial carcinoids can be technically challenging and complications such as bleeding can occur, we advocate referral to specialized centers with a thoracic surgery department. Another important limitation of the
current study is the number of missing CT scans. The
cohort was established over a long period of time. We attempted to retrieve CT scans from patients included in
the 1990s and early 2000s from referral hospitals; however, most of them were destroyed or of poor quality, resulting in a significant amount of CT scans (57%) not
available for revision. Nevertheless, nearly all CT scans of
the last 10 years were available, which makes our data reflective of the present era where high-quality CT scans are
available almost everywhere. In the reports before revision, specific comments about tumor size and intra-or
extraluminal growth were often lacking, which underlines the importance of structured assessment and reporting of CT scans in patients with bronchial carcinoids.
This study shows that the CT scan has an important role
in directing patients towards the most suitable treatment
modality. Additional imaging techniques such as
FDG-positron emission tomography (PET)/CT or
[ 68Ga]1,4,7,10-tetraazacyclododecane-N(I-IIII)-tetraacetic acid-(D)-Phe1-Thy3-octreotide (DOTATOC)PET/CT (68Ga-DOTATATE) are relatively new techniques, and were not evaluated in this study. The clinical
role of FDG-PET/CT is related to aerobic glycolysis,
which is amplified in fast-growing tumor cells. Slowly
growing tumors, for example bronchial carcinoid, have a
lower metabolic rate than most other thoracic malignancies (i.e., non-small cell lung carcinoma, small cell lung
carcinoma). Multiple studies found that FDG- PET/CT
for bronchial carcinoid, and especially TC, is unreliable
due to low glucose uptake [28–30]. More promising is the
recently introduced 68Ga-DOTATATE PET/CT scan. Because carcinoid tumors are rich in somatostatin receptors, this scan is more sensitive and more specific than
FDG-PET/CT. Recent studies have shown a sensitivity of
90–97% for 68Ga-DOTATATE in the detection of bron226
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chial carcinoid [31–35]. The 68Ga-DOTATATE PET/CT
scan was only recently introduced in our hospital, and we
are currently investigating the additional value of this
scan in the diagnostic workup of patients with bronchial
carcinoid.
To minimize the risk of complications and to maximize the potential of EBT, we highly advocate that this
treatment be centralized to referral centers with experienced radiologists for accurate and systematic CT scan
evaluation, interventional pulmonologists, and pulmonary surgeons, in order to safely perform EBT and manage complications such as airway hemorrhage.
In conclusion, small tumor size and purely intraluminal disease on CT scan are associated with successful EBT
in patients with bronchial carcinoid, independent of the
histological grade. Based on these data, CT scan has an
important role in directing patients towards the most
suitable treatment modality. While patients with a bronchial carcinoid tumor ≥20 mm in diameter should be referred for surgery, purely intraluminal carcinoids with a
diameter <20 mm can be treated with EBT with a success
rate of 72%. Careful analysis of the baseline CT scan, including lymph node status, enables optimal selection of
the appropriate treatment modality.
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