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1. Introduction: bronchial carcinoids 
 
Bronchial carcinoids remain to be veiled in controversies regarding natural course, optimal classification, 
treatment and follow up. Because of their relative rarity firm conclusions and recommendations regarding 
treatment and follow-up, remain somewhat disappointing. The standard approach is based on rather dogmatic 
assumptions coming from the treatment of the much more common non-small cell lung cancer. General and 
current considerations and opinions are discussed, followed by the aim of this thesis.  
 

Classification 
Bronchial carcinoids (BC) are neuroendocrine tumours (NET) of the lung. They are a group of tumours, arising 
from cells of the neuroendocrine system which are found in most organs of the human body.1 They are classified 
into four subtypes characterized by increasing biological aggressiveness. This is a range of the relatively benign 
Typical Carcinoids (TC), followed by Atypical Carcinoids, (AC), Large Cell Neuroendocrine Carcinoma (LCNEC), and 
as the most malignant, Small Cell Lung Carcinoma (SCLC). They share a distinctive basic microscopic appearance, 
resembling neuroendocrine tumours found elsewhere in the body.2 Previously neuroendocrine tumours were 
considered to represent a continuum, but recent information from histologic, immunohistochemical, and 
molecular studies suggest the two, well-differentiated, carcinoid subtypes (TC and AC) to be clearly separated 
from, the other two, poorly differentiated subtypes (LCNEC and SCLC).3,4 TCs share some homologies with grade 
1 NETs, and AC some homologies with Grade 2 NETs of the gastro-entero-pancreatic (GEP)tract. LCNEC and SCLC 
widely correspond to the Grade 3 NET category of the GEP tract.4,5  
Lung carcinoids and the poorly differentiated NETs of the lung (LCNEC and SCLC) may originate from the same 
pulmonary neuroendocrine precursor cells although different pathogenetic mechanisms have been suggested 
for these two subtypes. Mixed tumours only occur in high-grade NETs and the precursor lesion, DIPNECH (diffuse 
idiopathic pulmonary neuroendocrine cell hyperplasia) has been found only in association with lung carcinoids.6   
Lung carcinoids are not the early progenitor lesions of the high-grade LCNEC and SCLC, but rise through 
independent cellular mechanisms.6  
Probably, the first written description of a BC was published posthumously by R Laennec (1781-1826) in his report 
describing an intrabronchial mass in 1831.7 The term of carcinoid has been maintained during all WHO 
classification published since 1967, even though the diagnostic criteria separating TC from AC were only 
introduced in the 1999 WHO classification and subsequently maintained in the 2004 WHO classification. The 
2015 World Health Organization (WHO), conforms the same histopathological classification criteria defined by 
the 2004 WHO classification of lung neuroendocrine tumours, which combine the architectural growth patterns 
of tumour cells (organoid growth versus small-cell diffuse growth), the mitotic index and the presence of 
necrosis. TC show 0-1 mitoses per 2mm2 (10x high-power field) and no necrosis, AC show 2-9 mitosis per 2 mm2 
with or without necrosis, LCNEC >10 mitosis per 2mm2 with necrosis, and SCLC >50 mitosis per 2mm2 with 
profound necrosis. This classification is based on a relatively small, retrospective series of surgically resected 
specimens, without information on specific location or bronchoscopic characteristics: i.e. intraluminally or 
extraluminally growing. A recent proposal of tumour grading based on a combination of Ki-67 labelling index, 
mitotic rate and necrosis may be of clinical importance if it can be validated.8 This is especially of importance for 
differentiating low-grade NET (especially AC) from high-grade NET (LCNEC), and might play a role in predicting 
prognosis on resected specimens of BC. 
The same TNM stage classification is used for BC as for other lung cancers. 
 
Epidemiology 
BCs are rare tumours, with an age-adjusted incidence rate ranging from 0.2 to 2/100,000 population per year in 
both European and US countries.9 Over the last 30 years, there has been an increasing prevalence, ~6% per year. 
This is probably due to enhanced awareness and increased use of special immunohistochemistry stains. 
Carcinoids occur more frequently in women than in men, and have a peak incidence in the fourth to sixth decades 
of life, with a younger mean age for TC as opposed to AC. However, they can occur at any age, and are the most 
common pulmonary tumour in childhood.10 BCs represent approximately 1-2% of all pulmonary malignancies. 
TCs represent around 80-90% of carcinoids. The vast majority of carcinoid patients are never or current light 
smokers, although more AC patients are current or former smokers than TC patients.9  
BCs usually are sporadic lesions; however rare familial cases have been described. Up to 5% of patients with 
multiple neuroendocrine neoplasia type 1 (MEN 1) harbour BCs, usually TC, with a smaller number of AC.11  
BCs have a good prognosis, with an overall 5-year survival rate of 87% to >90% for TC and 61-88% for AC.6  
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Due to inconsistency in AC reporting or coding, data from cancer registries are not generally reliable for 
information about TC versus AC, including data form the National Cancer Institute (NCI) Surveillance, 
Epidemiology, and End Results (SEER) program because peer review of the histological slides is not possible.  
According to Caplin et al., the 5-year survival rate for for BC as a group (based on the National Cancer Institute 
(NCI) Surveillance, Epidemiology, and End Results (SEER) database) has significantly decreased over the last 30 
years (84.7-47.3%). This is likely due to an increased recognition of AC over TC. (Ref 27). This distribution is closely 
in keeping with the current histological classification, as TCs can be metastatic in up to 15% of case, usually to 
regional lymph node, with a median time to recurrence of 4 years, whereas ACS are regionally or distantly 
metastatic in up to half of tumours with a median time to recurrence of 1.8 years. However, for both TC and AC, 
recurrence may not occur until many years later, hence the need for long-term surveillance.9  
 
Clinical presentation 
Most common symptoms at presentation are cough, haemoptysis, (recurrent) pneumonia, atelectasis, wheezing 
and chest pain, due to luminal obstruction in centrally located BCs. Peripheral BCs are generally discovered as an 
incidental finding in the course of radiological procedure carried out for other reasons. A functional presentation 
with symptoms related to serotonin secretion (diarrhoea, flushing, wheezing and carcinoid heart disease) or 
other hormonally active tumour products is rare (1%-3%), reflecting the rarity of liver metastases for TC and AC 
(~2% and ~5%, respectively). So usually, symptoms reflect the location of lesions as opposed to manifestations 
of secreted bioactive products.12  
 

Diagnosis 
Diagnostic workup and imaging needs to be pragmatic and in a step up approach, where additional work up is 
done based on preceding diagnostic findings and clinical suspicion. Caplin et al recently presented 
recommendations for best practice.9 Only baseline biochemical tests should be undertaken (including plasma 
chromogranin A measurements). Further biochemical testing should only be undertaken in consideration of 
clinical symptoms and features of paraneoplastic syndrome (24-h urine 5-hydroxy-indole-acetic acid, ACTH and 
GHRH).  
In case of suspicion of BC to be associated with MEN1 syndrome (<5% of patients), based on family history, 
clinical examination and minimal laboratory findings, screening for MEN1 gene mutation should be carried out. 
Forty percent of BC cases can be detected on standard chest X-ray. The gold standard for radiological detection 
of BC is contrast enhanced computed tomography (CT). CT provides information on tumour and nodal status. 
The most common radiological appearance is a round or ovoid shape peripheral nodule with smooth or lobular 
margins, sometimes associated with calcifications.13 Central forms show postobstructive changes, such as 
obstructive pneumonitis, atelectasis, airtrapping, or infrequently, bronchiectasis or lung abscess.  
Since 80% of BCs express somatostatin type receptor-2 and -5 (SSTR-2 and SSTR-5), Somatostatin receptor 
scintigraphy (SRS/octreoscan) can be used to detect BC, showing high overall specificity and sensitivity (87% and 
93%, respectively). However, because of overlap with non small cell lung carcinoma (NSCLC) the octreoscan 
positivity needs to be interpreted with caution.6   
Nuclear medicine techniques, such as SRS, enable whole-body imaging for staging (N and M stage). Several 
tracers have been used for positron emission tomography (PET)/CT combined imaging techniques, mainly for 
whole body staging. They can be of additional value in detecting advanced disease, but should not be used 
routinely in BC. 
Bronchoscopy is the most important diagnostic tool. Up to 70% of BCs are reachable by bronchoscopy, so 
bronchoscopy should be performed in all central BCs, enabling histological diagnosis. The ability to determine TC 
vs AC is difficult, because a fairly large part of well-preserved tumour is needed. The typical appearance of a BC 
is a firm, smooth reddish, well-vascularised, tumour mass growing into and often obstructing the lumen of a 
bronchus.  Biopsy of a carcinoid is safe, with risks similar to bronchoscopy in general, despite historical dogma to 
the contrary.14 Rigid bronchoscopy is preferred over flexible bronchoscopy for obtaining biopsy specimens, in 
case of risk of bleeding, allowing more procedural control. In case of peripheral location, transthoracic CT-guided 
biopsies, or video assisted thoracic surgery (VATS) wedge resection can be performed. 
 

Treatment 
Surgical resection for BC is considered to be the gold standard. The aim is to remove the tumour and preserve as 
much lung tissue as possible. For patients with peripheral tumours, the surgical extent of choice is complete 
anatomic resection – lobectomy or segmentectomy -with systematic lymph node dissection.15 In the case of 
central airway location, lung parenchyma sparing techniques, such as sleeve resections, are the preferred 
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surgical objective.16 Given the indolent nature of TC, it has been suggested that sublobar resections in this group 
may produce survival outcomes similar to those for lobectomy.17 A multivariate analysis of 203 TC patients found 
equivalent survival at 5,10 and 15 years for limited resection vs lobectomy and pneumonectomy.18 
Systematic nodal dissection should be carried out because lymph node metastases may be present in up to 25% 
of cases in TC and >50%in AC.19 Given the excellent long-term survival of TC, one can argue the clinical significance 
of this potential for lymph node metastases in terms of outcome.  
According to the European neuroendocrine tumour society expert consensus and recommendations for best 
practice for TC and AC, published by Caplin et al., bronchoscopic treatment should only be reserved for patients 
who are considered unacceptably high risk for bronchopulmonary surgery or occasionally as bridge to surgery.9  
For the advanced (nonresectable) or progressive disease, no standard treatment or therapeutic algorithm is 
currently available.20 The goals of treatment are to control hormone-related symptoms and tumour growth. 
Unfortunately, BCs have generally low proliferative activity and are consequently chemo-resistant. Prospective 
studies are not available, so there is no well-grounded, recommended chemotherapy regimen for BCs.6 Due to 
low response rates for chemotherapy in BCs, combined with the serious side-effects, the indication to use 
currently available chemotherapeutic regimens in the treatment of BC is limited.10  
Treatment with somatostatin analogues is the most frequent first-line systemic approach for patients with 
advanced or metastatic BC; particularly for functional tumours with clinical symptoms.20 BCs are generally 
resistant to radiation therapy, its role remains unclear, as reports have always involved a combination of 
radiotherapy and chemotherapy or resection.16 The role of targeted therapies in BC remains poorly defined. 
Further research is needed to confirm the possible utility of these therapies.6 
 
Follow up 
Due to the indolent nature of BC, surveillance for recurrent disease needs to be prolonged. Post-surgical disease 
recurrences are approximately 5% in TC and 20% in AC.16,21 Most recurrences occur within 10 years for TC and 
within 5 years for AC, but late recurrences after 20 years have been reported.16 The intensity of the surveillance 
required in BC is controversial and has been investigated in only a few reports.6 Some authors conclude that the 
effectiveness of routine surveillance imaging is controversial for patients with N0 TC and should not be 
recommended. For AC and in patients with N+ TC follow-up imaging should be recommended because the risk 
of disease relapse increases considerably in these patients.22 However, many other authors suggest follow up in 
all BC, 6,9and many questions remain unanswered. Furthermore, most recurrences are distant, and it is unclear 
whether early detection alters the outcome.16  
There is no generally accepted surveillance protocol for TC and AC. Guidelines from different societies vary in 
their recommendations for surveillance.  
The ENETS expert consensus9 has the following recommendations for post-surgical follow up regimens. For TC: 
chest CT scan and plasma chromogranin A (CgA) measurements at 3 and 6 months’ post-surgery, and then every 
12 months for the first two years. Thereafter, CT scan every 3 years. In case of positive lymph nodes, the 
frequency of imaging needs to be increased. For AC CT scan and CgA needs to be performed 3 months’ post-
surgery and then every 6 months for 5 years. Thereafter annual CT should be performed. In addition to this 
regimen for both entities regular bronchoscopic evaluation is recommended. Once every 5-10 years for TC and 
every 3 years for AC. With regards to length of this regimen, no recommendations are done. These 
recommendations are shared by the European Society for Medical Oncology (ESMO). 23 However the American 
College of Chest Physicians suggests annual CT-scans during follow up for both carcinoid entities, with the remark 
to involve original treating physicians in the decision-making process during follow up.24 Although, again, no 
recommendations on the length of follow-up are done.  
 

Conclusions relevant to this thesis 
So in conclusion, BC, are still somewhat enigmatic, with many questions still need to be answered.  
Surgical resection is considered to be the treatment of choice, however, there is debate on the extent of surgical 
resection. Bronchoscopic treatment appears to be an option only in highly selected cases, not suited for surgical 
resection, because of too high operative risk, or for palliative purposes.  
Follow up for this indolent, but still metastatic potential carrying entity, is still to be elucidated. Many questions 
remain regarding frequency, modality and duration of follow up after standard surgical resection. 
In this thesis, we evaluate several aspects of a different treatment strategy in the work up process of centrally 
located bronchial carcinoids, incorporating bronchoscopic therapy. 
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2. Initial Bronchoscopic Treatment (IBT) for Patients with Intraluminal 
Bronchial Carcinoids 

 
 

Abstract       
Objective: Carcinoid of the lung is considered low-grade malignancy and therefore less invasive treatment might 
be considered. We analyse the long-term outcome of initial bronchoscopic treatment (IBT) in patients with 
intraluminal bronchial carcinoids.  
Methods: Initial bronchoscopic treatment has been applied to improve pre-surgical condition, to obtain tissue 
sample for proper histology classification and to enable less extensive parenchymal resection. For intraluminal 
bronchial carcinoid, initial bronchoscopic treatment has been attempted for complete tumour eradication. High 
Resolution Computed Tomography besides bronchoscopy is used to determine intra- versus extraluminal tumour 
growth. Surgery follows in cases of atypical carcinoid, residue or recurrence. 
Results: 72 persons, 43 females, have been treated, median age 47 (range 16-80 years). Median follow-up has 
been 65 months (range 2-180). Fifty-seven had typical (79%) and 15 atypical carcinoids (21%). Initial 
bronchoscopic treatment resulted in complete tumour eradication in 33/72 cases (46%: 30 typical, 3 atypical). 
37/72 cases (51%: 11 atypical) required surgery (two for late detected recurrences). Two patients had metastatic 
atypical carcinoid, one already at referral. Of the six patients who died, one was tumour-related.  
Conclusion: Initial bronchoscopic treatment is potentially a more tissue sparing treatment alternative than 
immediate surgical resection in patients with intraluminal bronchial carcinoids.  For successful tumour 
eradication using initial bronchoscopic treatment in central carcinoids, intra- versus extraluminal growth could 
become of much more importance than histological division between typical and atypical carcinoid. Disease-
specific mortality is low, long-term outcome has been excellent. Implementation of IBT had no negative impact 
on surgical treatment outcome.  
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Introduction 
Bronchial carcinoid (BC) tumours comprise 2-5% of all primary lung tumours and belong to the neuroendocrine 
group of tumours.1,2 Carcinoids are classified as either typical (TC) or atypical carcinoids (AC) according to the 
classification criteria by Travis et al., which is based on retrospective analyses of specimens from surgical series.3 
The fact that AC tends to develop more lymphatic and metastatic spread in contrast to TC 2,4-7 and the possibility 
of submucosal and extraluminal tumour growth, seem to overwhelmingly warrant immediate surgery as the only 
acceptable alternative.2,8-11  
However, current knowledge of tumour biology and growth pattern, with increased use of minimally invasive 
techniques have improved our understanding to better evaluate disease processes enabling a more tailored 
approach in each individual at risk for aiming at tissue sparing treatment alternative for surgical intervention.6,12-

14 Such a consideration within various oncology disciplines may allow optimal preservation of quality of life 
without compromising outcome.15 This improved knowledge and technical innovations should lead to critical 
review of conclusions based on previous clinical data regarding BC. Compared to AC, TC has excellent 5- & 10-
year survival rates of 87-100% and 82-87% versus 56-75% and 25-59%, respectively. Even in case of positive 
lymph nodes TC, and to a lesser extent AC, have still acceptable survival rates: for TC 5-year survival rates up to 
100% and for AC 25-78% and 10-year survival rates of 25-59%.3,4,8-11,16 These survival data are based on surgically 
resected specimens without detailed information of bronchoscopic findings. 
Based on and encouraged by our previous experiences17-19 regarding initial bronchoscopic treatment (IBT) for 
central airway tumours prior to surgical resection, we report here the long-term outcome of our strategy 
regarding BC.   
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Patients and methods 
Patients presenting with BC in their central airways i.e. (partly-) intraluminal BCs in the period 1991-2005 have 
been prospectively entered in this study protocol after giving their informed consent. At that time, the regulatory 
requirements from the scientific committee were to have an oral informed consent after full information about 
the pro- and con of IBT strategy. Patients and family members were fully informed especially about potential 
disadvantages of IBT compared to the standard treatment, surgical resection. 
Our IBT strategy, based on best clinical practice, is shown in Figure 1. In conjunction with improvements in 
diagnostic and therapeutic modalities, our strategy has also been evolving to current use of state of the art 
technologies.  
All patients referred to our institute underwent IBT under propofol anaesthesia using both the rigid and the 
flexible bronchoscope to obtain maximum amount of tissue for proper histological diagnosis, to improve 
patients’ condition in case of obstructive pneumonia and to enable less extensive resection whenever feasible. 
Clearance of the tumour was mostly performed by mechanical removal and application of Nd-Yag laser or 
electrocautery (GS).20 Within six weeks after IBT, a High Resolution Computed Tomography (HRCT) scan is 
performed to determine intra- versus extraluminal tumour growth with repeat flexible bronchoscopy to evaluate 
IBT result. Because BC may present with post-obstructive pneumonia, a clear distinction between intra- and 
extraluminal extension can only be properly made once post-obstructive debris and atelectasis are cleared. In 
case of obvious extraluminal disease, atypical histology, unsuccessful intraluminal treatment or recurrence, 
surgical resection is performed for radical tumour removal with complete mediastinal lymph nodes dissection. 
Successful IBT is considered when there is no sign of residual disease (videobronchoscopy, negative biopsy, thin 
slices HRCT images, radial EBUS). Repeat evaluation was then performed 6-monthly in the first two years and 
annually up to five years. Beyond the fifth year, patients have been referred back to their pulmonologist for 
further yearly check-up.  
Some patients, treated before the introduction of HRCT, have been monitored by the more traditional computed 
tomography with slice thickness of 5 mm while currently with the 64 multidetector CT, slice thickness is 0.75 mm 
with 0.5 mm overlap, with additional viewing possibilities of multiplanar reconstruction and virtual bronchoscopy 
as well. Recent use of endobronchial ultrasound (EBUS) with a 20 MHz radial transducer enables us to detect 
minute bronchial wall abnormalities in the sub-millimetre order.21  
The definitive histological diagnosis i.e. TC versus AC was based on the maximum amount of tissue ultimately 
sampled. All samples collected prior to 1998 were re-classified according to the Travis Classification (EJR, KG, 
WM).3 Surgery was always with systematic nodal dissection and the least extensive parenchymal resection had 
always been attempted.6,12  
We analysed also the number of patients from the archives of the Dutch Central Tumour Registry (PALGA = 
Pathologisch Anatomisch Landelijk Geautomatiseerd Archief) to compare the number of individuals registered 
with BCs in the Netherlands during the same study period.  
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Results 
Seventy-two patients have been treated with a median follow up – till August 2006 – of 65 months (range 2-180). 
Patients’ characteristics and symptoms at referral are shown in Table 1. In comparison with the total number of 
individuals with BC in the Netherlands in the registry crude data, current study represents about 10% of the total 
BCs diagnosed during the entire study period. 
 
 
Table 1. Patients with bronchial carcinoid of the central airways: characteristics and symptoms at referral.  
 

 Typical Carcinoid Atypical Carcinoid 

Number of patients 57 15 

Gender Male 26 3 

 Female 31 12 

Median age (range) in years 47 (17-77) 44 (16-80) 

Smoking status Non 24 7 

Former 24 7 

Current 9 1 

Presenting symptoms Pneumonia 17 8 

Haemoptysis 14 1 

Both 1 0 

Dyspnoea 11 5 

Persisting cough 6 1 

Other 8 0 
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Results of our bronchoscopic treatment strategy are shown in Table 2 and Figure 1.  
 
Table 2. Clinical outcome of patients with bronchial carcinoid after initial bronchoscopic treatment (IBT) with or 
without completion surgery (CS). 
  

Histology 
Subtype  

n Treatment:  Outcome: Alive Dead Remarks 

Typical  30 IBT CR# 26  4 All deaths unrelated 

1 IBT Residual   1  Asymptomatic and refused surgery 

26 CS CR 26 0  

Atypical  3 IBT CR# 3 0 Complete eradication at 1st session  

1 IBT Metastatic 1 0 Metastatic disease at referral 

10 CS CR 9 1 Unrelated death  

1 CS Metastatic 0 1 Pneumonia with liver metastases  

 

IBT= Initial Bronchoscopic Treatment, CR# = Complete Response; no residual tumour detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography and Endobronchial Ultrasonography, since 2003) and 
microscopically (biopsy and brush specimens), CS= Completion Surgery, CR= Complete Response; CR after CS: radical 
resection judged on surgical specimens all being N0 as systemic nodal dissection is always performed. 
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Figure 1. Initial Bronchoscopic Treatment strategy in bronchial carcinoids.  
 

 

 

IBT= Initial Bronchoscopic Treatment, CR= Complete Response; no residual tumour detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography and Endobronchial Ultrasonography, since 2003) and 
microscopically (biopsy and brush specimens), AC= Atypical Carcinoid, BT= Bronchoscopic treatment. Extraluminal extension 
assessed with HRCT scans. Numbers of patients in each arm of our strategy are also shown. 
 
After 1 (n=27, 2 (n=7) or 4 (n=1) IBT sessions, 35 patients had complete tumour eradication and were subjected 
to long-term follow-up. Of the remaining 37 patients, 35 underwent completion surgery; all were N0 status. We 
performed twelve lobectomies, six sleeve lobectomies, ten bilobectomies, one sleeve bilobectomy and six 
pneumonectomies. In two patients less extensive resections were enabled by IBT. One patient, with post-
operatively proven extraluminal extension required emergency surgical resection for persisting haemorrhage 
during IBT. In 30 cases involvement of the bronchial wall and/or extension into the parenchyma was found, 
rendering surgical resection necessary. 
In two patients complete tumour eradication by IBT was not achieved: one patient refused surgery and is alive 
(follow-up 110 months); the remaining had metastatic disease at referral, therefore treated in a palliative setting 
and is still alive (follow-up 27 months). Both are currently well without pulmonary symptoms.   
Two patients, in whom yearly follow-up was stopped after the fifth year, developed late detected recurrences 
and underwent surgical resection at 103.5 and 115.5 months post-IBT. They were therefore grouped in the 
surgical group eventually.  
Currently, 33 patients still have complete remission (CR) post-IBT (median follow-up 72.5 months, range 2-180). 
IBT in 3 patients obtained CR proven to be AC (4, 5 and 7 mitoses/2 mm2 respectively). As evaluation did not 
show any residual disease, completion surgery has so far been postponed. Follow-up has been 14-74.5 months. 
Follow-up figures of the different cohorts are shown in Table 3A.  
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Table 3A. Follow-up (FU) of patients still alive in months from IBT until August 2006 

 

Carcinoid Treatment (n) Outcome (n) Median FU Range FU Remarks 

Typical IBT (27) CR        (26) 92 (14-180)  

Residue    (1) 110  Refused surgery 

CS (26) CR        (25) 66 (16-172)  

Recurrence (1)# 103.5  IBT to CS 

16  CS- August 2006 

Atypical IBT (4) CR         (3) 14 (14-74.5)  

 Metastatic  (1) 27  Palliative BT 

CS (9) CR         (8)  51.5 (13-86.5)  

Recurrence (1)∗, # 115.5  IBT- CS 

18.5  CS- August 2006 

 

IBT= Initial Bronchoscopic Treatment, CR= Complete Response; no residual tumour detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography and Endobronchial Ultrasonography, since 2003) and 
microscopically (biopsy and brush specimens) or by radical resection judged on surgical specimens all being N0 as systematic 
nodal dissection is always performed, CS= Completion Surgery 
# Delayed CS, protocol violation after the fifth year, delayed detection of extraluminal tumour recurrence  
∗ Histology at IBT Typical Carcinoid, at completion surgery Atypical Carcinoid. 
 
Six (6/72 = 8%) patients have died: four with TC and one with AC all due to unrelated causes except one with 
metastatic AC because of pneumonia (Table 3B). 
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Table 3B. Follow-up (FU) i.e. survival (in months) of deceased patients with bronchial carcinoids.  
 

Histology Treatment Outcome FU Cause of death Remarks 

Typical IBT (4) CR (4) 83 Metastatic sarcoma  

48 Unknown  

114 Cardiovascular  

2 Pulmonary Embolism Cardiovascular morbidity 

Atypical CS (2) CR (1) 65.5 Murdered  

Metastatic (1) 47 Pneumonia Died with liver metastases 

 

IBT= Initial Bronchoscopic Treatment, CR= Complete Response; no residual tumour detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography and Endobronchial Ultrasonography, since 2003) and 
microscopically (biopsy and brush specimens) or by radical resection judged on surgical specimens all being N0 as systematic 
nodal dissection is always performed, CS= Completion Surgery 
 
Histology classification comparing bronchoscopic samples versus surgical specimens showed only five discordant 
cases: in two cases mitotic index shifted from 0 to 2, in one from 1 to 3 and in the last two cases from 0 to 4 
mitotic figures/2 mm2. 
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Discussion 
Current understanding of tumour growth and behaviour with regard to the development of local and distant 
disease has enabled us to carefully consider alternative strategies that are aimed for optimal outcome i.e. 
maximum preservation of quality of life. Especially in dealing with clinically less malignant tumour type and 
increasing recognition of long lead-time that may occur, one needs to reflect and remain vigilant to enable 
parenchyma sparing resection whenever feasible.22 Although from an oncological point of view surgery should 
be considered as the gold standard, surgical bronchoplasty has been the accepted strategy in BC treatment.6,12 
In line with this, prevention of extensive parenchymal resection is the aim of bronchoscopic treatment.6,12,22,23 
We increasingly recognized the potential of a comprehensive approach in fully exploiting the advantages of 
minimally invasive approaches including IBT.17,18,24-27 Diligent and careful work-up and follow-up using state of 
the art technologies are keys for this new paradigm. Technical advances have also improved the ability to monitor 
intraluminal disease processes in the sub-millimetre range.17,18 
Based on our data, clinical bronchoscopic classification of carcinoids being ‘intraluminal or extraluminal’ could 
become of more clinical importance than the histology classification per se3, as in this study this was crucial in 
determining treatment modality. As mentioned before, the Travis classification is based on retrospective analysis 
of surgical data, lacking any information about tumour growth pattern. It is possible that all those cases are 
representing a different cohort of neuroendocrine tumours more likely located in the lung parenchyma. 
Therefore, we may be dealing with a different patient cohort.  
Discrepancies of histology classification between bronchoscopic and surgical specimens collected (n=5) did not 
have any impact on treatment strategy nor clinical outcome as they all showed extraluminal growth and surgical 
resection was required.  
Our current ability to evaluate tumours in the sub-millimetre range enables us to execute the optimal strategy 
without significant treatment delay that may affect outcome.17-19 
There were only two cases with late detected recurrences apparently due to incomplete removal by IBT of 
submucosal disease. Despite more than 4.5 years delay, the outcome would not have been different, if surgery 
had been performed earlier. Furthermore, long-term follow-up showed only one death attributable to metastatic 
AC indicating the low malignant potential of BC.    
In practice, even if surgical resection is still being considered the only accepted strategy, initial bronchoscopic 
tissue sampling for definite histology should be exploited to eradicate intraluminal tumour mass completely. 
Thereafter, ample time allows re-thinking and restaging before further treatment is considered necessary. 
Current analysis underscores the sophistication of non- and minimally invasive techniques e.g. in using HRCT 
scans and bronchoscopic techniques as shown in Figure 2.  
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Figure 2. Examples of tumours’ extent assessment using bronchoscopy and HRCT 
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Although essentially discordant with our strategy, lately in some patients with AC, the tumours have been 
completely removed at the IBT session and surgery has been postponed.  
One recent study reported patients with typical carcinoids treated bronchoscopically and they showed 
encouraging long-term results.28 However, there has been no previous prospective clinical practical study 
studying systematically the role of IBT in patients with intraluminal bronchoscopic carcinoids.  
One retrospective study2 mentioned the data in Israel comprising of 68% centrally located BC that may resemble 
the cohort potentially suitable for IBT approach. However, based on our findings of the central registry crude 
data, only 10% of the yearly average cases in the Netherlands have been referred to us. We may therefore 
assume that at least approximately 5% of all BCs can be solely treated with initial bronchoscopic treatment, as 
referring bias by pulmonologists in the Netherlands cannot be ruled out. They may have excluded - prior to 
referral - all patients with extraluminal and parenchymal BC lesions. These may represent the same cohort as 
studied by Travis et al.3     
In summary, our longitudinal data of the integration of IBT in patients with BCs in their central airways pose a 
logical and feasible clinical practice that challenges all presumed objections that immediate surgical resection is 
absolutely required and that any delay may compromise outcome. IBT strategy is therefore an under recognized 
potentially tissue sparing approach that does not compromise outcome. Careful judgment of intra- versus 
extraluminal tumour growth is currently feasible allowing timely recognition of patients who require surgical 
resection. Our long-term data underscore the low malignant potential of BCs with only one disease-specific 
mortality. Still a large number of patients are alive and more detailed retrospective quality of life and cost-
effectiveness analyses are being performed. 
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3. Quality of Life analysis in Initial Bronchoscopic Treatment for Bronchial 
Carcinoids  

 
 
Abstract 
Background: Initial bronchoscopic treatment (IBT) for bronchial carcinoids (BC) can be a tissue sparing treatment 
alternative for surgical resections. The necessity for long-term follow-up, may lead to deterioration of quality of 
life (QoL). 
Methods: Descriptive questionnaires and Hospital Anxiety and Depression Scales (HADS), were sent to every 
patient alive treated according to protocol.  
Results: 58/65 (90%) questionnaires and HADS could be analysed. Mean Anxiety, Depression and total HADS 
scores were higher in the CS group. 9/35 CS-patients (26%) regretted IBT. Twenty-four patients (69%) expressed 
persistent post-surgical complaints.  
Conclusions: Patients’ perspectives justify IBT approach as an alternative for immediate surgery in patients with 
bronchial carcinoids. It does not lead to deterioration of QoL in this patient group. 
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Introduction 
Bronchial carcinoid tumours comprise 2-5% of all primary lung tumours and have been classified in the group of 
neuroendocrine tumours.1-3 Surgical resection is considered the treatment of choice, however, we have shown 
initial bronchoscopic treatment (IBT) to be a justifiable approach.4 Furthermore, more studies show compelling 
results of bronchial treatment modalities in patients with intraluminal typical carcinoids.5,6 It is uncertain 
whether IBT may negatively influence patients’ quality of life (QoL) due to the absolute requirement for long-
term follow-up. Surgical approach can provide immediate answer regarding outcome whereas IBT is relatively 
insecure and requires regular follow-up to detect possible recurrence that eventually may need surgical 
resection. It is therefore obvious to assume that IBT strategy may lead to deterioration of QoL. As the outcome 
of IBT approach has been excellent, the aim of this report is to retrospectively analyse patients’ QoL.
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Methods 
Treatment and follow-up protocol 
Patients presenting with BC in their central airways i.e. (partly-) intraluminal BCs in the period 1991-2005 have 
been prospectively entered in this study protocol after giving their informed consent. At that time, the regulatory 
requirements from the scientific committee were to have an oral informed consent after full information about 
the pro- and con of IBT strategy. Patients and family members were fully informed especially about potential 
disadvantages of IBT compared to the standard treatment, being surgical resection. 
The treatment and follow-up protocol in our institute has been described before4, and consists of initial 
bronchoscopic treatment, a flexible bronchoscopy to evaluate treatment success and HRCT to determine 
extraluminal extension. In case of persistent residual disease, extraluminal extension or AC histology, completion 
surgery (CS) is performed. Patients, in whom IBT resulted in complete remission of the tumour, repeat evaluation 
(HRCT and bronchoscopy) is performed 6-monthly in the first two years and annually up to five years after 
successful IBT. Thereafter the patients’ referring pulmonologist undertook further follow-up.  
In the CS group an outpatient visit to the surgeon and the pulmonologist once after resection is considered 
sufficient.  
 

Quality of Life assessment 
To determine possible differences in QoL perceptions we used a specific questionnaire, containing disease- and 
therapeutic related issues, and the Hospital Anxiety and Depression Scale (HADS). The questionnaires were sent 
to every patient still alive. Examples of posed questions in the specific questionnaire can be found in the 
appendix.  
 
HADS is an internationally validated questionnaire, which can be used as a screening tool for identification of 
anxiety and depression disorders in both somatic, psychiatric and primary care patients and in the general 
population.7  
It consists of two 7-item scales: one for anxiety and one for depression both with a scoring range of 0-21. A total 
score of 0-7 is regarded as normal, 8-11 borderline abnormal and scores higher than 12 are regarded as being 
abnormal. We used the validated HADS translated into Dutch for its screening potential.8  
 
Returned HADS and QoL questionnaires were scored and statistical analysis has been performed using SPSS 12.0 
for Windows. Independent samples t tests were performed to determine significant differences between the IBT 
and the CS group in terms of HADS and QoL.  
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Results 
Quality of Life  
Of the 71 patients treated according to our treatment strategy from 1991, 65 are still alive.4 61/65 patients 
returned their questionnaires: three questionnaires were insufficiently filled in. Consequently, for analysis, 58 
patients’ questionnaires (i.e. 90%) have been scored. 
Patients’ characteristics and HADS scores are shown in Table 1.   
 
Table 1. Characteristics and HADS scores of patients alive. (Age tabulated as age at the time of filling the 
questionnaires.)  
 

 
 
IBT=Initial Bronchoscopic Treatment, CS=Completion Surgery, TC=Typical Carcinoid,  
AC=Atypical Carcinoid 
  

Group Responders 
(% of alive) 

Female/Male TC/AC Median 
Age 
(years) 

Age range 
(years) 

Anxiety 
scores     
Mean (S.D.) 

Depression 
scores 
Mean (S.D.) 

Total scores 
Mean (S.D.) 

IBT  26/30 (87%) 16/10 23/3 51 25-80 3.3 (3.4) 2.0 (2.7) 5.3 (5.7) 

CS  32/35 (92%) 22/10 23/9 48 20-71 5.0 (4.8) 2.7 (3.9) 7.8 (8.4) 
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Table 2 shows individuals with (borderline) abnormal HADS scores in the IBT and CS group and corresponding 
results of the questionnaires four main issues of the specific questionnaire.  
 
Table 2. (Borderline) Abnormal HADS score in IBT and Completion Surgery group and corresponding answers 
specific questionnaire. 
 

↑ Score 
(A/D) 

Group Histology Regret  (1) Choice in retrospect (2) Advice  (3) Complaints (4) 

11/11 IBT TC - IBT IBT No 

12/9 IBT TC - IBT IBT No 

11/- CS TC Yes IBT IBT No 

10/8 CS AC Yes Direct surgery Surgery Yes 

14/8 CS TC No Direct surgery IBT Yes 

15/9 CS TC Yes IBT IBT Yes 

20/17 CS TC Yes Direct Surgery IBT Yes 

9/- CS AC Yes IBT IBT Yes 

 
 
A = Anxiety subscore, D = Depression subscore, IBT = Initial Bronchoscopic Treatment,  
CS = Completion Surgery, TC = Typical Carcinoid, AC = Atypical Carcinoid, 1-4: numbers of corresponding scored answers 
specific questionnaire. 
One of the two patients with late recurrence is shown in bold case.  
 

One of the two patients with late recurrence expressed no regrets on IBT strategy nor showed deterioration of 
QoL. The other patient would have preferred immediate surgery in retrospect as shown in bold case in Table 2. 
Independent samples t test showed higher mean Depression score, higher mean Anxiety score and higher total 
HADS score in the CS-group in comparison to the IBT-group, although significance levels were not reached 
(P=0.121, P=0.408 and P=0.206, respectively).   
 
None of the patients in the IBT group regretted their choice regarding IBT, and they all would advice to prefer 
IBT strategy first.  
 
In the CS group, twenty-five patients regretted that completion surgery was ultimately necessary. A total of 9/35 
patients (28%) would have preferred an immediate surgical treatment in retrospect. Six patients would 
recommend immediate surgical therapy. In the IBT group, sixteen patients experienced discomfort during 
bronchoscopy, however, only three retrospectively considered this extremely traumatic. Twenty-four patients in 
the CS group (69%) express persistent and significant complaints (e.g. scar pain, dyspnoea, recurrent respiratory 
infections).  
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Discussion 
We reported the relevance and potential of IBT as an alternative for immediate surgical resection in patients 
with bronchial carcinoids.4 In comparison to surgical resection our IBT strategy is more tissue sparing and less 
morbid, without negative consequences regarding outcome. The high curative potential of both IBT and surgical 
resection in bronchial carcinoids allowed us to retrospectively measure QoL.  
 
Results clearly show no deterioration of QoL in the IBT group despite prolonged relative insecurity on outcome 
with potentially long-term check-ups. In contrast, the HADS scores all showed a small trend to the detriment of 
the CS group although significance could not be reached. So, from a patient’s point of view, IBT does not lead to 
more insecurity, anxiety or deterioration of QoL scored by HADS. This could suggest that the potential advantages 
of minimal invasive treatment such as IBT may outweigh the theoretical disadvantages of the more morbid and 
invasive surgical approach.  
In addition, the questionnaires also showed dominance in patients’ preference in favour of bronchoscopic 
treatment. Patients with (borderline) abnormal HADS scores were more often in the CS group (6 vs. 2).  In 
retrospect, 3 of these 6 would have chosen immediate surgical intervention, although only one would advice 
such an approach to a close relative. All six patients experience significant and persistent post-surgical 
complaints. One of the two patients in whom IBT failed, expressed negative alterations of QoL, showing 
borderline abnormal HADS scores. The other patient did not show any negative alteration of QoL despite the fact 
that she was one of the two true failures of IBT approach.  
The majority of surgically treated patients (69%) suffer from persistent complaints, while in the IBT group none 
of the patients expressed complaints due to IBT strategy, again underlining the advantage of minimal invasive 
approach such as bronchoscopic treatment with the absence of long-term morbidity.  
In summary; current data, although retrospectively scored, show that IBT, with its concomitant long-term follow-
up regimen does not, in spite of relative treatment outcome insecurity deteriorate patients’ QoL perceptions. 
The advantage of definite outcome after surgical cure seems to be diminished by its negative influence on QoL 
perception by the patients. The assumed burden of prolonged follow-up and relative insecurity does not seem 
to have a negative impact on QoL. Completion surgery, providing more and instant certainty on treatment 
outcome, can lead to significant and persisting physical complaints that can negatively affect patients’ 
perspectives on QoL. Current analysis underscores the potential of IBT as a treatment alternative for immediate 
surgical resection, without detrimental effect on patients QoL. 
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Appendix 
 

Specific Questionnaire 
The four major questions of this questionnaire, that we scored were:  

1. In retrospect, would you have preferred completion surgery without initial bronchoscopic treatment? 
2. If surgical resection was performed: do you regret that completion surgery was necessary? 
3. Which strategy would you recommend to a close relative: bronchoscopic treatment first, with the 

possible requirement of completion surgery thereafter or immediate surgical resection? 
4. Do you experience complaints due to the completion surgery? If yes, what kind of complaints? 

 
The complete list of questions and issues posted in this questionnaire are shown here; 
 
Complete Questionnaire 

x Preceding the initial bronchial treatment, a thorough and fair explanation regarding possible advantages 
and disadvantages was provided? 

x Did you give oral consent to the proposed treatment strategy? 
x In retrospect, would you have preferred surgical resection without initial bronchoscopic treatment? 
x Have you, eventually undergone completion surgery? 
x Do you regret completion surgery was necessary? 
x Do you experience complaints due to the completion surgery? If yes, what kind of complaints? 
x Which strategy would you recommend to a close relative: bronchoscopic treatment first, with the 

possible requirement of completion surgery thereafter or immediate surgical resection? 
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4. Cost-effectiveness of initial bronchoscopic treatment strategy for 
bronchial carcinoids 

 
 
Abstract 
Background: Initial bronchoscopic treatment (IBT) strategy can be safely implemented as a potentially optimally 
parenchyma sparing treatment alternative instead of immediate surgical resection in patients with bronchial 
carcinoids (BC). However, the necessity for long-term follow-up may lead to increased costs as opposed to 
standard immediate surgical resection.  
Methods: Total and per patient costs were calculated retrospectively for bronchoscopically treated versus 
surgically treated cohorts of patients within the IBT strategy. Furthermore, total and per patient costs for the IBT 
strategy were projected to virtual costs of immediate surgical resection approach, if it would have been applied 
as the gold standard in the first place to all patients.  
Results:  Total and per patient costs for IBT versus surgically treated cohorts within our strategy were € 
506,161.17 and € 10,769.39, versus € 520,536.12 and € 8,395.74, respectively. Total and per patient costs for the 
IBT strategy were € 1,124,616.89 and € 10,317.59, while immediate surgical treatment at presentation would 
have cost € 1,101,618.94 and € 10,106.60, respectively.  
Conclusion: cost analyses show that IBT approach, apart from being safe and feasible, is a cost-effective 
alternative for immediate surgery in patients with bronchial carcinoids.  
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Introduction 
Bronchial carcinoid tumours belong to the spectrum of neuroendocrine pulmonary tumours. They are a relatively 
rare entity, comprising 2-5% of all primary lung tumours.1-4 We and others have shown that initial bronchoscopic 
treatment (IBT) strategy seems justifiable as an alternative for immediate surgical approach which is still 
considered to be the treatment of choice.5-8 More importantly, iceberg phenomenon and deleterious outcome 
for patients in case of IBT failure have been shown to be clinically insignificant. 
Bronchial carcinoids may recur late, so long term follow up is recommended. Surgical resection can provide an 
immediate answer regarding completeness, whereas the IBT strategy is relatively insecure and a complete local 
response based on radiologic and endoscopic findings is by definition not the same as the histological 
confirmation of a R0 resection. Therefore, regular follow-up to detect possible local recurrence that eventually 
may need surgical resection is required. Because the natural course of bronchial carcinoid after standard surgical 
resection is fairly unpredictable and heterogeneous, this might even be more the case after bronchial treatment. 
Follow-up after IBT might - and probably will - be prolonged and more extensive as opposed to after surgical 
resection. This will affect the costs of IBT strategy in the long term. As the outcome of IBT approach has been 
excellent, the aim of this report is to analyse in retrospect the cost-effectiveness of IBT strategy versus immediate 
surgical resection. 
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Methods 
Treatment and follow-up protocol 
 
The details of our IBT protocol and strategy have been published before6 and the workflow is shown in figure 1.  
 

 

 

Important to indicate that six weeks post-IBT a thoracic High Resolution Computed Tomography (HRCT) with i.v. 
contrast and repeat fiberoptic bronchoscopy are performed to assess IBT result. Close surveillance is by repeat 
HRCT and fiberoptic bronchoscopy 6-monthly for the first two years and annually up to five years, where after 
patients have been referred back to their pulmonologists with the advice for yearly check-up. In case of 
intraluminal recurrence during follow-up, bronchoscopic treatment is again first attempted prior to the decision 
for surgical resection. In case of extraluminal recurrence, surgical resection is performed. Post-surgical follow-up 
consists of one out-patient visit tot het surgeon and one to the pulmonologist. Clearly the applied IBT protocol 
caused extra costs if compared to immediate surgical resection alone, in which according to recent ACCP 
guideline no consensus on follow-up protocol exist.9  
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Costs analysis 
For costs analyses, we used the complete dataset of patients as published in our article on long-term outcome 
of IBT strategy in patients with bronchial carcinoids.6  
 
Patient’s characteristics of the 109 patients are shown in table 1; they have been grouped in either the 
bronchoscopy or the surgery group. There were three patients unwilling or unfit to undergo surgery; they were 
grouped in the bronchoscopy group. 
 
Table 1. Patients’ characteristics and follow-up of IBT and CS group according to long-term outcome article.  
 

 IBT-group CS-group 

Number of Patients 48 61 

Histology TC 43 37 

AC 5 24 

Gender Male 23 24 

Female 28 37 

Median Age at presentation (range) 47(17-76) 41 (16-73) 

Median Follow-up (range) (months) 108 (2-241) 112 (24-277) 

 

IBT = Initial Bronchoscopic Treatment, CS = Completion Surgery, TC = Typical Carcinoid, AC = Atypical Carcinoid. 
 

To determine whether our IBT approach is a cost effective strategy as opposed to the gold standard i.e. 
immediate surgical resection, we compare the patients in our group cured by bronchoscopic treatment alone 
with the patients in our group who required surgical resection. We want to clarify the cumulative medical costs 
for both strategies after first referral to our institution. Costs made by referring hospitals prior to referral or after 
back-referral were not accounted for. Only additional diagnostic and/or therapeutic entities, implying differences 
in costs per strategy, were considered relevant and were included in this analysis. So costs, because of the 
implemented IBT strategy (e.g. additional bronchoscopic treatment interventions, repeat HRCT, salvage surgical 
resections) were calculated for the bronchoscopy group. Information on prices of resources was provided by the 
information and cost management department of the VU University Medical Center Amsterdam, the 
Netherlands, based on the Dutch Costing manual and NZa (Dutch Healthcare Authority) tariffs and by the Dutch 
health care standards of 2015. 
 
Repeat bronchoscopic interventions have been performed in 27 patients in trying to obtain complete carcinoid 
eradication. Thirteen patients showed extraluminal disease requiring surgical salvage. The remaining fourteen 
patients had repeat bronchoscopic treatments (BT) resulted in complete tumour eradication (i.e. n = 9 by 1 BT 
attempt: n=4 for 2 BTs, n=1 for 4 BTs). Six recurrences developed in the IBT group: two had intraluminal 
recurrences again eradicated by BT and four proved extraluminal and received radical surgery. Therefore, all 
costs were assigned in the IBT group as all were essentially failures after IBT. A maximum follow-up of ten years 
has been used for the complete calculations. 
 
We performed a second calculation, comparing the costs in total and per patient of our IBT strategy projected to 
the virtual cohort of similar size in which immediate surgical resection would have been the standard protocol 
instead. A follow-up of ten years has again been used following ACCP guidelines, suggesting FU with HRCT 
annually after immediate surgical resection, although consensus seems lacking.9  
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This calculation has been used, as it is the best comparison of total costs of our IBT strategy for every patient 
presenting with a bronchial carcinoid, with the standard immediate surgical treatment strategy still by many 
considered to be the gold standard. 
  



 

45     Bronchoscopic treatment in centrally located bronchial carcinoids 
 

Results 
Cost analysis 
Patients’ characteristics based on treatment modality and median follow-up periods for both groups are shown 
in Table 1. Treatment strategy and patients’ distribution is shown in figure 2. 
 

Figure 2. IBT strategy and patient’s distribution 
 
To clarify our calculations colours were used to show what belongs to which strategy, that is, IBT approach versus 
immediate surgery approach. Yellow boxes reflect the diagnostic and therapeutic steps accounting for our IBT 
approach, red boxes reflect surgical steps (traditional gold standard approach). The initial orange box reflects 
both the initial diagnostic steps needed for both the IBT approach and the immediate surgical approach, as well 
as an initial therapeutic bronchoscopic attempt, assigned to the IBT strategy.  
As previously mentioned, we first performed the total costs within the IBT cohort including the salvage surgeries 
because of recurrent extraluminal disease which could not be eradicated despite repeat bronchoscopic 
treatment. Actual costs were € 506,161.17 total and € 10,769.39 per patient respectively (Table 2). For the 
surgery group, total costs and per patient costs were € 520,536.12 and € 8,395.74, respectively (Table 3). 
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Table 2. Actual cumulative costs for IBT group (n=47), added with costs for surgical salvage resections. 
 

IBT strategy costs 

 Costs, € 

Initial Bronchoscopic Treatment (IBT) = 

- Diagnostic + therapeutic bronchoscopy 
- HRCT 
- Flexible bronchoscopy post-IBT 

70,309,65 

Additional bronchoscopic treatment (in case of extraluminal residual 
carcinoid) = 
- Bronchoscopic treatment  
- Flexible bronchoscopy post-bronchoscopic treatment 

19.272,12 

Surgical salvage resection# (Extraluminal recurrence failure despite IBT) 33.559,04 

Follow-up first 5 years post-IBT = 
- 7 HRCTs  
- 7 flexible bronchoscopies 

190.237,67 

Follow-up second 5 years post-IBT = 
- 5 HRCTs 
- 5 flexible bronchoscopies 

135.884,05 

Additional costs IBT strategy in surgical group = 
- therapeutic bronchoscopy 
- flexible bronchoscopy post-IBT 

56.898,64 

Total costs, € 506.161, 17 

Expenses per patient, € 10.769,39 

 
#: costs calculated as: surgical resection + 6 postoperative admission days (including 1 intensive care admission day) + 1 
postoperative out-patient visit to the pulmonologist + 1 postoperative out-patient visit to the surgeon, per patient. 
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Table 3. Costs for surgical group (n=62), excluding costs generated by IBT strategy (thus calculated costs 
according to immediate surgical resection strategy) 
 

Immediate surgical resection costs 

 Costs, € 

Diagnostic work up = 

- Diagnostic + therapeutic bronchoscopy 
- HRCT 
- Flexible bronchoscopy post-IBT 

35.850,26 

Surgical treatments# (in case of extraluminal extent) 520.536,12 

Total costs, € 556.386,38 

Expenses per patient, € 8.973,97 

 
#: costs calculated as: surgical resection + 6 postoperative admission days (including 1 intensive care admission day) + 1 
postoperative out-patient visit to the pulmonologist + 1 postoperative out-patient visit to the surgeon, per patient 
 
The second calculation is by comparing the total and per patient costs of our IBT cohort versus a virtual group of 
similar size by immediate surgical resection with a follow-up of ten years, conforming to the ACCP guidelines.9  
Total and per patient costs for IBT strategy were € 1,124,616.89 and € 10,317.59, respectively (Table 4). Total 
and per patient costs for a virtual but similar group with only the classical approach of immediate surgical 
resection would have been € 1,101,618.94 and € 10,106.60, respectively (Table 5). 
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Table 4. Costs for total IBT strategy (n=109) in our previously published series, with up to 10yr annual HRCT 
surveillance post-IBT/Surgery 
 

Total IBT strategy costs 

 Costs, € 

IBT strategy costs (Table 2) 520.536,12 

10 yr. postoperative annual HRCT in 62 patients 97.919,60 

Immediate surgical resection costs (Table 3) 556.386.38 

Total costs, € 1.124.616,89 

Expenses per patient, € 10.317,59 

 
 
 
 
 

Table 5. Projected cumulative medical costs in case of immediate surgical resection strategy (n=109), with 10yr 
annual HRCT surveillance post-surgery 
 

Total immediate surgical resection costs 

 Costs, € 

Diagnostic work up 63.027,07 

Surgical treatments#  914.484,47 

10 yr. postoperative annual HRCT  124.107,40 

Total costs, € 1.101.618,94 

Expenses per patient, € 10.106,60 

 
#: costs calculated as: surgical resection + 6 postoperative admission days (including 1 intensive care admission day) + 1 
postoperative out-patient visit to the pulmonologist + 1 postoperative out-patient visit to the surgeon, per patient 
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Discussion 
We recently presented the long-term data of our IBT strategy, as an alternative for immediate surgical resection 
in patients with intraluminal bronchial carcinoids.4 In comparison to immediate surgical resection our IBT 
strategy is more tissue sparing and less morbid, without negative consequences regarding long term outcome. 
In this current report costs of this IBT approach were calculated and compared with the classical immediate 
surgical resection strategy. In the first calculation, we divided the patient group into a bronchoscopic and a 
surgical group, to determine costs for both groups. The costs for the bronchoscopic group within the IBT strategy 
proved to be slightly higher for the bronchoscopic group as opposed to the surgical group.  
 
In the second calculations costs for our IBT strategy in total vs standard immediate surgical treatment strategy 
are completely comparable.  
The latter calculation is the best reflection of treatment costs as these are the costs of the entire strategy; i.e. 
costs due to surgery as well as bronchoscopy. Our strategy is not a replacement for surgical resection, but it is a 
tailoring of less invasive treatment for those suited for bronchoscopic treatment, besides surgical treatment for 
those with extraluminal disease. Immediate surgical resection is still considered to be the gold standard, so 
comparing our group with a same-sized patient group undergoing immediate surgical resection is the most 
clarifying and real-world comparison of costs of our strategy as opposed to current standard.  
The differences in costs between our first and second calculations are mainly because in the first calculations, in 
the surgical group, follow up has only been one out-patient clinic to the surgeon and one to the pulmonologist. 
As we wanted to make a ‘real-world’ comparison of our strategy we applied the ACCP guidelines suggesting 
annual HRCT check-ups after surgical resection for bronchial carcinoids.  
 
It was not our aim to completely reflect the total cost-effectiveness including QoL for both treatment strategies, 
but to generate an overview of general actual costs for our IBT strategy versus immediate surgical resection 
strategy in terms of medical interventions in the hospital. Costs are based on the Dutch Costing Manual and NZa 
(Dutch healthcare Authority) with understanding that costs are subject to national health care policy differences. 
But overall, these costs analysis gives clear insight in generated costs and can be translated to ‘real-world’ by 
each practician, depending on their respective costs and reimbursement policy.  
In our protocol close follow-up post-IBT was deemed necessary and this strict implementation of repeat HRCT 
and bronchoscopy protocols clearly increased cumulative costs as opposed to surgical treatment. However, the 
repeat expenses for HRCT, bronchoscopic interventions, outpatient consultations if compared to surgical 
resections and hospital admissions seemed to be in a fair balance. Moreover, in the surgical group, follow up is 
also mandatory, as late recurrences are well known, despite upfront immediate surgical resection. After five 
years the annual follow up regimen is the same, with yearly HRCT scan. The first 5 years indeed is more intense 
for the IBT group and does have higher costs, but as our calculations show, these extra costs (added to the costs 
of IBT) do not outweigh the high costs of surgical resection and its concomitant high costs of hospital stays.  
Hospitalization periods and surgical treatment formed the most significant part of the expenses in the surgical 
group. This necessity for relatively long hospital admissions underscores the advantage of IBT as much less 
morbid and costly. The high number of bronchoscopic evaluations and HRCT scans during follow-up in the IBT 
group are a significant part of total expenses, but total and per patient costs are still comparable for the IBT and 
surgery group. Furthermore, it is still not known what the optimal follow-up regimen, especially during the first 
5 years post-IBT, needs to be. It could well be that our strict follow-up protocol of frequent flexible 
bronchoscopies and HRCT scans the first years are somewhat redundant.  
Possibly, with current technical advances in HRCT abilities (e.g. virtual bronchoscopy with detailed wall thickness 
measurements) the need for combination of HRCT and flexible bronchoscopies during follow up can be altered. 
This could lower the number of diagnostic procedures during follow up and might thus decrease the cumulative 
costs of IBT protocol significantly, apart from reducing the burden for the patient after successful IBT.   
One needs to consider the current potentials of minimally invasive and non-invasive imaging and interventional 
technologies which can be tailored to each patient presenting with bronchial carcinoid. The curative potential of 
IBT as a cost-effective treatment alternative for immediate surgical resection should be strongly considered in 
this category of patients and less rigid follow-up protocol, as has been applied up till now, seems warranted to 
significantly reduce the cumulative costs much further. 
In summary, this study shows that our IBT strategy is a cost-effective alternative for immediate surgical resection, 
and mandatory long-term follow-up does not lead to increased costs in the IBT group as opposed to the surgical 
group. 
Together with previously reported data on excellent outcome, current analysis underscores the potential of IBT 
as a cost-effective curative treatment alternative for immediate surgical resection. 
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5. Bronchial typical carcinoid tumours: histological study of intra- versus 
extraluminal growth pattern. 

 
 
Bronchial typical carcinoid (TC) is a disease entity within the spectrum of neuroendocrine lung tumours.1 
Standard treatment is surgical resection.2,3 However, intraluminal bronchoscopic treatment (IBT) has been 
shown to be a feasible alternative provided tumour is strictly intraluminal.4 High resolution computer 
tomography (HRCT) can assess bronchial wall involvement or peribronchial tumour growth.5 Our strategy has so 
far been complete tumour debulking by IBT, followed by HRCT after 4-6 weeks to assess residual tumour which 
may indicate deeper infiltration in the bronchial wall or peribronchial tissue. In case of extraluminal disease 
surgery is indicated. So far, there has never been any discrepancy between the initial diagnosis after debulking 
and the final histological diagnosis after resection, even in cases with significant extraluminal tumour growth (tip 
of an iceberg phenomenon). In the latter patients intra- and extraluminal parts were histologically identical as 
well. 
 
The aim of this study was to investigate a set of immunohistochemical (IHC) parameters, which may help to 
predict the likelihood of successful IBT or failure of IBT due to extraluminal growth of TC. Twenty-nine TC, in 
retrospect 17 intra- and 12 with extraluminal growth, have been examined using parameters of 
Immunohistochemistry staining for p53, Ki-67, Bax, bcl-2, PAI-2, microvessel density (MVD) and mean nuclear 
area. Tonsil tissue served as positive control for Bax, bcl-2, CD31 and Ki-67, breast cancer tissue for p53 and 
placental tissue for PAI-2. For p53 and PAI-2 percentage of positive nuclei was estimated. PAI-2- and Bax-staining 
were scored either positive or negative. CD31 for microvessel density was assessed. For statistical analysis, we 
used the Mann— Whitney U-test for continuous variables and the Fisher exact test for categorical variables. 
Significant difference between intra- and extraluminal TC was found with regard to Bax-expression. In the 
extraluminal group, there were four out of twelve Bax-negative TC, whereas in the intraluminal group there were 
no Bax-negative TC (P =0.02). The other parameters did not show any significant difference. 
 
High rate of Bax-expression has been reported to express a more benign nature of neuroendocrine lung tumours 
–such as in TC– with low expression in small cell lung cancer (SCLC) and the opposite has been found regarding 
bcl-2. Bax functions as a pro-apoptotic entity, bcl-2 as an anti-apoptotic entity. When Bax predominates, 
programmed cell death is accelerated and the death repressor activity of bcl-2 is countered. bcl-2 
overexpression, Bax down-regulation and bcl-2/Bax ratio >1 correlate with the more malignant behaviour of 
neuroendocrine tumours.6—9 Our results may indicate a more malignant behaviour i.e. extraluminal growth 
propensity in cases with extraluminal tumour growth. Results of this analysis warrant further study in a 
prospective setting to test the value of Bax expression. Our data, so far, suggest that in patients with Bax-negative 
TC, surgery and not IBT seems to be the most appropriate treatment of choice. 
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6. aCGH analysis in bronchial carcinoid tumour tissue shows increase of 
chromosomal changes over time and fails to predict the clinical course of 
recurrent disease. 

 
 
Abstract 
Background: Bronchial carcinoids are considered low-grade malignancies. Surgical resection is considered the 
standard treatment; however, of these patients with endobronchial carcinoids 42% can be successfully treated 
by bronchoscopic treatment. If there are tissue characteristics predicting for recurrence is not known, nor 
whether found abnormalities at diagnosis are stable over time.  
Methods: array comparative genomic hybridization (aCGH) has been performed after isolation of DNA from 
formalin-fixed paraffin-embedded (FFPE) material from a unique set of longitudinally sampled carcinoid tissues 
at first initial bronchoscopic treatment (IBT), and during follow up at recurrence. In seven cases with recurrent 
disease, locally or at distant sites, aCGH has been conducted in carcinoid tissue samples collected longitudinally 
to explore the natural course and possible prognostic markers for disease recurrence post-IBT to optimize follow 
up strategy. 
Results: In four out of seven recurrences, aCGH showed more gains and losses than at the time of IBT sampling. 
However, no distinct nor persistent changes in the molecular signature were found between the primary and 
recurrence or metastatic tissue sampled. Similarly, no differences in molecular signature were found between 
the initial specimens collected from patient without recurrence versus those with late recurrence or metastatic 
disease.  
Conclusion: Chromosomal alterations increased in carcinoid samples over time if compared with aCGH analyses 
of initially collected specimens. However, at the time of initial presentation, bronchoscopically sampled carcinoid 
tissues show no prognostic genetic alterations. Therefore, it unlikely that aCGH can be used as a predictive 
marker for recurrence in this particular subset of patients with bronchial carcinoids. 
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Introduction 
Bronchial carcinoids are considered to be low-grade malignancies. Although surgical resection is considered the 
standard treatment of choice, a subset of patients with endobronchial carcinoids can be successfully treated 
bronchoscopically.1,2 In patients undergoing endobronchial treatment for central carcinoid recurrence may occur 
after long time interval. Therefore, long term close surveillance is necessary given its unclear natural history for 
potential recurrence.1-4 We recently published that the long term outcome (minimum 5 years, up to >22 years) 
for initial bronchoscopic treatment (IBT) strategy was excellent. It was shown that 42% (47/112) of the patients 
did not require completion surgery, which indicates the clinical insignificance of the iceberg phenomenon. Only 
8/112 (7%) of the patients developing late recurrences 60 - 198 months post IBT, while late surgical intervention 
and long term outcome were not compromised.1 Nevertheless, potential recurrences in ultimately 7% of all 
patients treated successfully after IBT necessitate careful monitoring of all patients post IBT to timely detect any 
early recurrence for potential definite carcinoid management. Therefore, better understanding the natural 
course and identifying possible, additional predictors may significantly reduce the burden of close monitoring for 
the majority of patients in whom less aggressive follow-up can greatly increase the cost-effectiveness of the IBT 
strategy as an alternative for immediate surgical resection.    
It was shown previously in a cross sectional study that increasing numbers of chromosomal imbalances play a 
role in the sequential process of tumour development and metastasis.6 In other studies various chromosomal 
imbalances and more specific alterations of chromosome 11 have been described 
in carcinoids as compared to other tumour entities in the spectrum of neuroendocrine tumours of the lung.7-11 
The aim of current study was to compare by aCGH analyses of the primary and recurrent tumour, in order to 
examine possible prognostic value of genomic instability and to better understand the process towards late 
recurrence or metastasis after initial bronchoscopic treatment. 
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Methods 
All patients with centrally located carcinoids and bronchoscopically treated from 1988-2010 at the VU medical 
center entered the database. The long term results of IBT strategy have been published in details before.1,2 From 
seven patients diagnosed with recurrences, carcinoid tumour sampled initially were re-collected from the tissue 
bank for aCGH analysis. Tumour tissue from one patient without any sign of recurrence during follow up was also 
included for comparison. Results of aCGH analyses on the carcinoid specimens were grouped in: no recurrence 
after IBT (I), early local recurrence < 2 years (II), late local recurrence > 5 years FU (III) and late metastatic 
recurrence >10 years (IV). DNA from formalin-fixed paraffin-embedded (FFPE) material was isolated following 
microdissection (>50% tumour cells) and aCGH was performed as previously published.12,13 Results have been 
reviewed by two separate investigators (BY, ET).   
 
 
Results 
Clinical characteristics of the seven patients are shown in table 1. The mean age of the patients was 34.9 yrs. 
Local recurrences developed in five out of seven in the lung and at distant sites in the remaining two patients.  
The aCGH results are shown in table 2. 
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Table 1. aCGH analyses from eight patients with bronchial carcinoid tumours and recurrences. 
 

 Case Sex Age Histology 
at IBT 

Histology 
shift14 at 
recurrence 

Intra, Extra-
luminal or 
metastatic 
recurrence 

Treatment of 
recurrence 

Interval 
(months) IBT - 
treatment of 
recurrence 

I (no 
recurrence) 

1 F 29 TC NA NA NA NA 

         

II (< 2 yrs.  
recurrence) 

2 M 53 TC TC (no) Extraluminal  Segmentectomy 17 

 3 F 51 TC TC (no) Intraluminal BT 9 

 4 F 20 TC TC (no) Extraluminal Sleeve lobectomy - 

III (>5 yrs. 
local 
recurrence) 

5 F 25 TC AC (yes)  Extraluminal Pneumonectomy 115 

 6 M 27 TC AC (yes) Intraluminal Pneumonectomy 26, 198 

IV (> 10yrs. 
metastatic 
recurrence) 

7 M 36 TC TC (no) Metastasis Local resection 240 

 8 F 38 TC TC no) Metastasis Local resection 140 

 
AC: Atypical Carcinoid, BT: Bronchoscopic treatment, IBT: Initial Bronchoscopic Treatment, TC: Typical Carcinoid, mo: months. 
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Table 2. Gains and losses obtained with aCGH from primary carcinoid and recurrence are shown. In two cases 
there was doubt to assign aberration in chromosome 19 (=*). 
 

  Primary   Recurrence   

case Gain Loss Gain Loss 

1 19 - no recurrence no recurrence 

2 - - 19*  - 

3 5, 21  - 5, 21  - 

4  -  -  -  - 

5 19*  - 4, 5, 7, 8  - 

6  -  - 5, 8, 9 10, 11 

7  -  - 5, 8, 9, 16  - 

8  - 11 2 3, 11 

 
 
In general, the initially collected carcinoid samples show no or minimal gains and losses in the different 
chromosomes. In four out of the seven recurrences, samples showed more gains and losses than in the initial 
samples without any distinct or persistent DNA related changes. In the initial tissue sampled of the recurrent 
cases in comparison to carcinoid sample of the patient who did not develop any recurrence, aCGH did not show 
any distinct pattern of DNA related changes. 
 
The WHO histological diagnosis shifted from TC to AC at the time of late recurrence in two patients (115 and 198 
months post IBT), while in the two with metastases (140 and 240 months post IBT, respectively) the diagnosis 
remained TC. 
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Discussion 
As we have outlined before, an IBT strategy seems justifiable as an alternative for immediate surgical resection 
and should be considered in each patient presenting with endobronchial carcinoids due to its excellent and long 
term clinical outcome.1 However, a further diagnostic and ‘prognostic’ tool for optimal discrimination which 
patients may have a ‘more malignant’ subtype can have important implication for the most appropriate cost 
efficient follow up strategy. Such a tool can provide more certainty about the clinical course and potentially 
reduce the burden of close surveillance in which the majority of patients will not develop any carcinoid 
recurrence. Better identification for allowing personalized treatment in a timely manner for a sub cohort of our 
patients is also warranted. 
 
Array comparative genomic hybridization is a technique that permits the detection of chromosomal copy number 
with > 105 data points. It provides a global overview of chromosomal gains and losses throughout the whole 
genome of a tumour.5 We have used similar methods before to validate the identified DNA copy number 
aberration (CNA)-based classifier as a risk predictor for development towards squamous cancer in individuals 
presenting with endobronchial squamous metaplasia during our longitudinal squamous carcinogenesis study.15  
Our study is unique as we were able to conduct aCGH analysis on longitudinally gathered carcinoid specimens 
intra-individually by virtue of the applied IBT strategy. This theoretically allows to truly study natural course of 
bronchial carcinoid tumours. This is in contrast to previous cross sectional studies comparing two separate 
patient cohorts transversally (e.g. TC vs AC, metastasized vs non-metastasized sub cohorts).  
In current study, generally, the initial carcinoid samples show no or minimal gains and losses in the different 
chromosomes. In four out of the seven recurrences’ samples, more gains and losses were detected than in the 
initial samples. This seems to support the notion that increasing numbers of chromosomal imbalances may play 
a role in the sequential process of carcinoid recurrence and metastasis,6 but dismiss aCGH as a potential tool for 
predicting any recurrence based on aCGH DNA pattern of the initially resected specimen. 

Currently, intra- versus extraluminal growth pattern in bronchial carcinoids seems decisive for the success of our 
IBT strategy, thus not its histological type per se (i.e. TC versus AC). Differentiation between TC and AC is based 
on the WHO classification which still uses the parameters of number of mitotic cells’ count and the presences or 
absence of necrosis.14 AC tends to behave more malignant, with lower five- and ten-year survival rates with 
higher metastatic potential, but both entities indeed carry potential to recur and even metastasize, regardless of 
TC or AC WHO classifications of initial and recurrent specimens showing no or inconsistent histological shift (table 
1). 
Current study has the potential of truly identifying an important denominator for differentiation between TC and 
AC as we studied in a longitudinal manner primary tumours and their recurrences intra-individually. The majority 
of previous studies were cross sectional: seeking genetic alterations between TC an AC, between primary 
tumours and metastases, or the classification of pulmonary carcinoids within the group of neuroendocrine 
tumours of the lung.6-11,16,17 Warth et al. aimed in a cross sectional study to find differences between non-
metastasized and metastasized pulmonary carcinoids. They found that chromosomal instability is increased in 
AC compared to TC, and in metastasized versus non-metastasized pulmonary carcinoids, in line with our 
longitudinal data. Chromosomal losses in particular in AC, lead to the inactivation of tumour suppressor genes 
and play a role in tumour development and metastasis which implies chromosomal imbalances as epiphenomena 
related to disturbance in the DNA repair mechanism but not a causal finding.6 That both TC and AC tumours do 
or do not recur, remains unrevealed by aCGH analyses in both studies. Clonal heterogeneity, dynamism with very 
gradual clonal drift may also explain current sub-optimal classification.  

Our observation is likely relevant for clinical management for carcinoids in its entirety: although TC often is 
considered to be a relatively benign and morphologically homogenous tumour, aCGH data showed that even 
without gains and losses at their genome, these carcinoids are potentially unstable and may lead to a more 
malignant phenotype resulting in recurrence and distant metastasis, fortunately only in the minority of patients. 
 
We acknowledge the modest sample size of this study. Taken into account the low (i.e. 7%) and very late 
recurrence rate (4.5 - 20 years), collecting materials for a study like this requires big clinical efforts and may still 
be informative, especially if the data corroborate with other small studies. It is not excluded that expanding the 
number of aCGH analyses (i.e. in recurrent and non-recurrent bronchial carcinoid cases) could possibly provide 
further insight and firmer conclusions to support what we have found in this current study. However, it is likely 
that the natural course of carcinoids is develops at a level lower than the resolution of aCGH and requires other 
efforts to further elucidate the clonal derangement processes.18  
So in conclusion, there are no differences in genetic alteration patterns at baseline presentation in bronchial 
carcinoids with inconsistent pattern on aCGH analyses of longitudinally, intra-individually sampled carcinoid 
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materials, such that, based on current findings, no prognostic assumption can be drawn on the natural course of 
bronchial carcinoids in IBT strategy by aCGH analyses. 
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7. Fibrotic changes after bronchoscopic treatment in patient with bronchial 
carcinoids. 

 
 
Abstract 
Background: Bronchial Carcinoids are relatively rare pulmonary tumours. Initial bronchoscopic treatment 
strategy can be applied in every patient presenting with a centrally located bronchial carcinoid. If this fails, in 
case of extraluminal disease or the tumour beyond endoscopic reach, surgical resection will be performed. Aim 
of this study is to evaluate specifically in these cases the possible fibrotic effects of endobronchial treatment.  
Methods: A retrospective descriptive study of histological changes in 48 pulmonary resections initially treated 
by endobronchial treatment.  
Results: Central focal fibrosis in bronchial mucosa was detected in 40 out of 48 patients. The fibrotic changes 
showed a distinct morphological, scar-like pattern, clearly different from changes due to post-obstruction 
sequelae. 
Conclusions: Focally and centrally located endobronchial fibrosis is likely due to endobronchial treatment and 
can be discerned in post-treatment resection specimen. 
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Introduction 
Bronchial carcinoids comprise 1-5% of the primary epithelial malignancies of the lung with an incidence of 0.2 to 
2/100.000 population/year.1 In the current WHO classification carcinoids belong to the spectrum 
neuroendocrine tumours.2 The standard treatment of care is considered to be surgical resection.1,3 However, 
several studies have now been published showing that bronchoscopic treatment (BT) may be incorporated in the 
standard treatment approach of patients with bronchial carcinoids.4-7 Applying this strategy, up to 42% of 
patients can be ultimately cured by bronchoscopic treatment alone with optimal tissue sparing technique, 
without compromising outcome.5 
 
The key issue for success of bronchial treatment in this strategy is the extent of tumour growth. Whenever 
tumour growth is strictly intraluminal, and reachable by bronchoscope for endobronchial treatment, the 
potential to obtain complete remission is present. Whenever tumour growth extends extraluminally, completion 
surgical resection is necessary to obtain complete remission. In this strategy every patient, with a centrally 
located bronchial carcinoid, may undergo an initial (diagnostic as well as therapeutic) bronchoscopy. The tumour 
is taken out piecemeal and treated with electrocautery as completely as possible. If present, post-obstructive 
changes may reside, it yields maximal amounts of tissue for proper histologic classification and can possibly (in 
the case of strictly intraluminal disease) cure the patient. After 6 weeks a high resolution computed tomography 
(HRCT) and flexible bronchoscopy are performed to evaluate endobronchial treatment. In case of extraluminal 
residual disease patients are sent for completion surgical resection. If there is no residue, patients are sent for 
follow up. In case of residual intraluminal disease (without extraluminal extent) bronchoscopic treatment is again 
performed in order to obtain complete remission. Especially in challenging cases as regard to accessibility of the 
tumour, several sessions may be attempted. 
 
Previously, in one patient, who underwent several bronchoscopic treatment attempts prior to surgical resection, 
significant peribronchial fibrotic changes were noticed during surgery. The morphological effect of endobronchial 
treatment has not been extensively studied.8 Therefore, the aim of this study is to examine the morphology of 
the lung after previous endobronchial treatment for pulmonary carcinoids. To this end a cohort of resection 
specimens of the lung after previous BT were histologically reviewed. 
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Methods 
A retrospective descriptive study was performed on the histopathological slides of patients who were treated 
according to the initial bronchoscopic treatment (IBT) strategy in the VU University Medical Center between 1993 
and 2011.5,9 In this IBT strategy, bronchial treatment is performed using electrocautery. The hematoxylin and 
eosin (H&E) slides were retrieved from the archives and have been reviewed and scored for morphologic changes 
by a pathologist, specialised in pulmonary pathology (ET). 
 
 
Results 
The slides from 48 patients could be retrieved from the archives. Patients characteristics are shown in table 1. 
 
Table 1. Patients’ characteristics 
 

  1x BT 2x BT 3x BT 5x BT 

Number of patients 35 8 2 3 

Histology TC 21 4 1 2 

 AC 14 4 1 1 

Gender Male 15 2 2 2 

 Female 20 6 0 1 

Median Age (range) 40 (21-87) 60 (22-67) 49 (46-52) 27 (20-33) 

 

  



 

71     Bronchoscopic treatment in centrally located bronchial carcinoids 
  

Morphology 
Fibrotic changes could be detected in 40 out of 48 patients’ slides. In 8 patients (all after only one BT session) no 
fibrotic changes could be observed. In all remaining samples focal endobronchial nodular or plaque like shaped 
scars were present in the subepithelial stroma of the bronchus, occasionally protruding only slightly into the 
lumen, see figure 1. Some seromucous glands peripheral from the scar showed ductular dilatation with luminal 
mucus. The scarring was never circumferential in the bronchial wall. The fibrosis was composed of evenly 
distributed uniform fibroblasts without nuclear atypia lying in between extracellular collagen fibres, showing 
prominent birefringency with polarised orthogonal filters. These scarring areas did not contain inflammatory 
cells.  
 
Figure 1. Overview of bronchial wall with submucosal scar (H&E 12.5x magnification). Insert A shows evenly 
distributed fibroblasts and collagen fibres. Insert B shows birefringency of the collagen fibres under polarisation 
(H&E 100x magnification). Note cartilage in the lower right corner. 
 

 

There was no squamous metaplasia on the mucosal surface above the fibrotic area. In one case there was 
perichondrial reaction with endochondrial ossification. 
In the resection specimens, the scar was usually centrally located from the carcinoid tumour cells. The amount 
of fibrosis was not more prominent in cases with more than one endobronchial treatment. 
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Discussion 
Focally and centrally located endobronchial fibrosis was discerned in most resection specimen after 
endobronchial treatment. 
 
The morphology of the scarring looks identical to a chronic scar in the skin after previous excision. This fibrosis is 
not present in resection specimen of bronchial carcinoids, where no endobronchial treatment was performed 
(ET, personal experience). The differential diagnosis of the scar may comprise collagen bands separating 
carcinoid tumour nodules and post-obstruction pneumonia. Post-obstruction pneumonia may have given fibrotic 
areas too, but these comprise usually less dense collagen and in smaller fragments than the scar. In addition, an 
inflammatory infiltrate is invariably present, usually consisting of many lymphocytes, and possibly also some 
eosinophilic or neutrophilic granulocytes and plasma cells. The carcinoid collagen bands/septae are long, 
frequently curved and positioned in between tumour cell nests. In contrast, the scar is positioned 
endobronchially and has regular architecture of fibroblasts and dense collagen. The bronchial mucosa may 
sometimes show signs of degeneration, but this consists of subepithelial accumulation of elastin, similar to that 
of the elderly skin, but not of collagen and lacks birefringency. 
 
Reports on the morphological effects of endobronchial treatment are scarce. Some studies have been performed 
in order to assess safety, feasibility and clinical applicability.10,11 In one study regarding tissue effects of 
bronchoscopic electrocautery, mainly tissue damage was studied, and not specifically fibrotic effects.8 This study 
was performed to assess fibrotic changes after bronchoscopic treatment. 
A limitation of the study is that due the retrospective design the morphological evaluation was dependent of the 
tissue sampling for embedding in the past. Not in all cases a central bronchial wall section was available, apart 
from the Paraffin-Embedded (FFPE) block with bronchial resection margin. This likely explains i) that we did not 
find more extensive fibrosis in cases with more than one BT, and ii) that in a minority of the patients with just 
one BT session (8/35) there were no fibrotic changes in the available microscopic slides. Nevertheless, in the 
groups with 2,3 or 5 sessions, every patient showed fibrotic changes. Therefore, the underlying hypothesis that 
a cumulative effect of multiple endobronchial treatments may lead to larger fibrotic areas can not be excluded. 
In an earlier report time between treatment and follow-up biopsy specimen, appeared not to be of influence on 
the presence or amount of fibrosis.10 A possible timing issue, does not apply current study, as all patients were 
sent for surgery within a period of approximately 6 weeks after the last (eventually unsuccessful) BT, explaining 
the lack of younger fibrotic changes in the mucosa. 
Modality of BT can be of influence to the amount of local tissue effect (i.e. fibrosis). Photodynamic therapy and 
Nd-YAG laser have deeper tissue penetrating properties, which may lead to more in depth scars and sub-
epithelial fibrosis, as opposed to electrocautery.10 In every patient of our study, electrocautery was applied, so 
treatment modality was not of influence to possible differences in the presence or absence of fibrotic changes. 
BT is applied in order to obtain complete disease remission, in an optimally tissue sparing manner. One has to 
keep in mind that conducting BT in an attempt to be maximally tissue sparing (i.e. to not having to undergo 
surgical resection) could result in extensive damage, possibly leading to complications and increasing the 
difficulty for the surgeon to perform surgical bronchoplasty. This could lead to intra-operative complications and 
to more extensive resection than initially prior to BT would have been necessary. So one has to remain vigilant, 
respecting the indications and limitations of BT in this group of patients. 
 
The precise clinical consequence of bronchial wall fibrosis due to BT is unclear. If translated to clinical course, 
none of the patients had detrimental outcome due to microscopically observed fibrotic changes after BT in their 
surgical resection specimens. 
In conclusion, surgical resection specimens obtained after BT consistently showed fibrotic changes, regardless of 
the number of BTs applied. These changes are markedly different from the morphological appearance of post 
obstructive changes and possible inflammation due to infection. Focally and centrally located endobronchial 
fibrosis is likely due to endobronchial treatment and can be discerned in post treatment resection specimen. 
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8. Long-term follow-up after first-line bronchoscopic therapy in patients 
with bronchial carcinoids. 

 
 
Abstract 
Background: Carcinoid of the lung is considered to be a low-grade malignancy. A subgroup presents as an 
endobronchial tumour. Surgical resection is considered the standard approach because of its metastatic 
potential and the possibility of an iceberg phenomenon for the endobronchial subgroup. Advances in non- and 
minimally invasive technologies seem to justify a more lung parenchyma-sparing approach.  
Methods: In patients presenting with bronchial carcinoids, initial bronchoscopic treatment (IBT) is first 
attempted for complete tumour eradication and sufficient tissue sampling for the proper differentiation of 
typical (TC) versus atypical (AC) histologic type. Furthermore, in cases with postobstruction problems the 
desobstruction is aimed at improving the patient’s condition and by that alleviate surgery if that is needed. High 
resolution CT is performed six weeks post IBT to determine local tumour growth. Surgical resection follows in 
case of extraluminal disease, residual carcinoid inaccessible for IBT, or late recurrences not salvaged by repeat 
IBT.  
Results:  Minimum follow-up was 5 years from start of treatment for 112 patients (65 women, 47 men), with a 
median age of 47 years (range 16-77 years). Eighty-three patients (74%) had TC, and 29 (26%) AC. IBT only was 
ultimately curative in 42% of the cases (47/112): 42TC, 5 AC. Disease-specific mortality including surgical 
mortality has been 2.6% (3/112) in patients with extraluminal carcinoids (3 AC). 
Conclusion: IBT, if unsuccessful with rescue surgery, is justifiable with excellent long term outcome. IBT made 
surgery unnecessary in 42% of the cases. Iceberg phenomenon and metastatic potential in this group of patients 
with bronchial carcinoids are clinically insignificant.  
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Introduction 
Carcinoids represent only a small portion of all pulmonary tumours, that is 2-5%. They belong to the spectrum 
of neuroendocrine tumours consisting of tumourlets, typical carcinoid, atypical carcinoid, large cell 
neuroendocrine carcinoma and small cell lung cancer in which TCs represent the relatively benign and small cell 
lung carcinomas the most malignant entity of this spectrum.1,2 Within this group of carcinoids the initial 
presentation can be in the parenchyma or mainly in the airway, described as bronchial carcinoids. 
TC shows relatively low malignant behaviour with excellent 5-year and 10-year survival rates of 87-100% and 82-
87%, respectively. In case of positive lymph nodes in TC, 5-year survival rates are still up to 92-100%. ACs have a 
higher malignant potential with significantly lower 5-year and 10-year survival rates of 56-75% and 35-56%, 
respectively. In case of positive lymph nodes 5-year and 10-year survival rates for ACs dropped to 25-78% and 
25-59%, respectively.3-6 
Distinction between TC and AC is based on the classification criteria of Travis et al 7, which are based on a 
retrospective analysis of surgically resected specimens. Historically, surgical resection is considered the 
treatment of choice for both entities mentioned above. Lung parenchyma preserving surgical techniques, such 
as surgical bronchotomy and sleeve resections are clinically acceptable.4,5,8 Current advancements in diagnostic 
and therapeutic modalities and further understanding of tumour biology enable and encourage many to explore 
less or minimally invasive diagnostic and therapeutic techniques for optimal preservation of healthy lung 
tissue.7,9,10 We have previously reported that initial bronchoscopic treatment (IBT) seems to be a justifiable 
approach for bronchial carcinoids instead of immediate  
 
surgical exploration and resection.11-13 Moreover, recent literature showed favourable results for bronchoscopic 
treatment (BT) as well, in carefully selected patients.14-16 In this study we report the long-term outcome of our 
IBT strategy in patients with centrally located bronchial carcinoids. 
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Patients and methods 
We have outlined this approach in great detail in the aforementioned report.13 Figure 1 is a summary of our 
original IBT approach.  
 
Figure 1. Original Initial Bronchoscopic Treatment (IBT) strategy  
 

 

IBT = Initial Bronchoscopic Treatment, CR = Complete Remission, BT = Bronchoscopic Treatment  
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Our current approach is shown in figure 2 and in brief, is as follows;  
 
Figure 2. Current Initial Bronchoscopic Treatment (IBT) strategy 
 

 

IBT = Initial Bronchoscopic Treatment, BT = Bronchoscopic treatment. 
 

All patients referred to our institution for suspicion of harbouring a bronchial carcinoid undergo rigid and flexible 
bronchoscopy in one session for both diagnostic purposes and complete resection of the intraluminal tumour 
growth. Six weeks post-IBT for allowing post obstructive changes to resolve, a High Resolution Computed 
Tomography (HRCT) scan with i.v. contrast and repeat fiberoptic bronchoscopy is performed to assess IBT result. 
In case of residual extraluminal disease or AC histology or late recurrence not amenable for IBT, surgical resection 
is then performed. In the later phase of this study period (since May 2000), AC successfully eradicated with IBT 
was subjected to close surveillance and not immediately followed by surgical resection.13 Successful IBT is defined 
if there is no sign of residual disease based on detailed bronchial wall images on thin slices HRCT with i.v. contrast 
and videobronchoscopy with negative biopsies. Close surveillance is by repeat HRCT and fiberoptic bronchoscopy 
6-monthly for the first two years and annually up to five years, thereafter patients have been referred back to 
their pulmonologists with the advice for yearly check-up. For intraluminal carcinoid recurrence during follow-up, 
bronchoscopic treatment is again first attempted to obtain tumour eradication prior to the decision for surgical 
resection. 
 
We reviewed the prospectively gathered data of every referred patient to our centre – since the beginning of 
our protocol – from 1991 till July 2009. This final analysis includes only patients with at least 5 years follow-up 
after their first IBT. Every patient has been given detailed explanations of the pros and cons of our strategy. SPSS 
20 was used for data collection purposes. 
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Results 
In the period from 1991 till July 2009, 112 patients have been accrued. For patients alive in July 2014 the median 
follow up has been 112 months (range: 60-277). Four patients died within the first 5 years after inclusion. 
Patients’ characteristics are shown in table 1, IBT results in figure 3 and table 2.  
 
Table 1. Patients’ characteristics at referral: Bronchial carcinoid of the central airways. 
 

  Typical Carcinoid Atypical Carcinoid 

Number of patients  83 29 

Gender Male 37 10 

 Female 46 19 

Median age (range) in years 47 (17-77) 48 (16-67) 

Smoking status Non 36 20 

 Former 30 7 

 Current 12 0 

 Unknown 5 2 

Presenting Symptoms Pneumonia (recurrent) 31 13 

 Hemoptysis 16 6 

 Asthmatic complaints 4 1 

 Dyspnea 14 5 

 Persisting cough 12 4 

 Other 6 0 
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Figure 3. Results of current Initial Bronchoscopic Treatment (IBT) strategy in 112 patients with bronchial 
carcinoids. 
 

IBT = Initial Bronchoscopic Treatment, TC = Typical Carcinoid, AC = Atypical Carcinoid, BT = Bronchoscopic treatment. 
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A description of what is shown in figure 3 is further elucidated as follows. 
In 37/112 (33%) patients (33TC, 4AC) there was no sign of residual tumour (complete response [CR]) after the 
first IBT session. In 45 patients (40%: 29TC, 16AC) extraluminal growth was immediately apparent and surgical 
resection was then performed. Of the remaining 30 patients (21 TC, 9 AC) with residual disease,14 (11 TC, 3 AC) 
had residual intraluminal disease completely eradicated by repeating IBTs (range 1-4 sessions), one intraluminal 
residual carcinoid (TC) was inaccessible for IBT: this patient was unfit for surgical resection. The remaining 15 
patients (9TC, 6 AC) had extraluminal disease ineligible for bronchoscopic treatment. Thirteen of them (13/15; 
87%) underwent surgical resection (7 TC, 6 AC). Three patients (3 TC) did not undergo surgery: the one 
aforementioned intraluminal residual disease inaccessible for IBT and unfit for surgery, and, two patients with 
extraluminal residual disease who refused surgery. All three are still alive and asymptomatic after IBT (follow-up 
being 140, 168 and 205 months, respectively).  
 

Table 2. Clinical outcome of patients with bronchial carcinoid after initial bronchoscopic treatment (IBT) with or 
without completion surgery. 
 

Histology N Treatment Outcome Alive  Dead Remarks 

Typical (83) 43 IBT CR 36 7 All deaths unrelated 

 3 IBT Residual 3 0 1 unfit for surgery 

      2 refused surgery 

 37 Surgery CR 36 1 1 unrelated death 

Atypical (29) 5 IBT CR 5 0  

 21 Surgery CR 19 2 1 unrelated death 

      1 treatment-related death 

 3 Surgery Metastatic 1 2 hepatic and pulmonary 
metastases 

 
IBT = Initial Bronchoscopic Treatment, CR = Complete Response; no residual tumour detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography) and microscopically (biopsy and brush specimens).  
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Fifty-one patients with CR after IBT (44 TC, 7 AC) have been closely monitored (table 3A).  
 
Table 3A. Follow-up (FU) of patients still alive in months from IBT until July 2014 
 

Carcinoid  Treatment 
(n) 

Outcome (n) Median FU 
(mo) 

Range FU 
(mo) 

Remarks 

Typical (75) IBT (38) CR (33) 120 (73-241)  

Residue (3) 168 (140-205) 1 unfit, 2 refused 

Recurrence (2) 10 and 63  IBT - Recurrence 

98 and 29  BT – July 2014 

Surgery (37) CR (35) 129 (60-267)  

Recurrence (2) 47 and 104  IBT - Recurrence 

57 and 111  Surgery – July 2014 

Atypical (25) IBT (5) CR (5) 109 (83-170)  

Surgery (20) CR (18) 88.5 (60-159)  

Recurrence (2) 116 and 198  IBT - Recurrence 

113 and 79  Surgery – July 2014 

 
IBT = Initial Bronchoscopic Treatment, CR = Complete Response; no residual tumor detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography) and microscopically (biopsy and brush specimens). 
 

Six (4 TC, 2 AC) had local recurrences (12%). In the two intraluminal recurrences (both TC) after 10 and 63 months, 
repeat BT resulted again in CR. The remaining four (2 TC, 2 AC) developed extraluminal recurrences at 47, 104, 
116 and 198 months and underwent rescue surgery. Important to point out that the extent of surgical resection 
would not have differed if patients had been operated at their first presentation prior to IBT despite the long 
interval period up to 198 months. For the final analysis, these four patients were grouped in the surgically 
resected cohort.   
Sixty-two patients underwent surgical resection. We performed 5 pneumonectomies, 15 bilobectomies, one 
sleeve bilobectomy, 40 lobectomies (of which 15 were sleeve lobectomies), and one segmentectomy. For 
patients undergoing resections pTNM were as follows: - pT1aN0 (30 cases), - pT1aN2 (2 cases), - pT1bN0 (9 
cases), - pT2aN0 (7 cases), - pT2bN0 (1 case), one case showed no residual disease. From 12 cases (all N0) the 
exact T status could not be retrieved. 
One patient required emergency pneumonectomy for uncontrollable bleeding during IBT, recovered fully with 
specimen showing extraluminal TC N0. Remarkably, 139 months thereafter she presented with a solitary chest 
wall metastasis of a TC which was subsequently radically resected, and a dermal metastasis of the scalp 
developed (187 months post-pneumonectomy) and was radically resected. She is now again free of disease for 
8 months. 
Metastatic disease developed in 4 patients (1 TC, 3 AC), two of them died. All had been treated with rescue 
surgery. One patient developed tracheal metastases of AC repeatedly re-treated with IBT and is alive. Overall 
distant metastases were seen in 1.2% (1/83) of TC and 10% (3/29) of AC. 
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Twelve patients have died: 8 TC, 4 AC (table 3B). Two because of metastatic extraluminal AC despite surgical 
treatment and one patient (AC) died because of postoperative complications: i.e. hypoxic encephalopathy after 
cardiac tamponade post-lobectomy. The remaining nine patients died of unrelated causes, eight had only IBT 
and one rescue surgery. Disease specific mortality including surgical mortality has so far been 2.6% (3/112). 
Overall disease-specific survival is 97%. 
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Table 3B. Follow-up (FU) i.e. survival (in months) of deceased patients with bronchial  
carcinoids. 
 

Histology Treatment Outcome FU Cause of death 

Typical (8) IBT (8) CR (8) 2 Pulmonary embolism 

28 Cardiovascular failure 

48 Unknown 

62 Respiratory insufficiency 

83 Sarcoma 

90 Natural cause 

140 Non Hodgkin Lymphoma 

170 CML 

Atypical (4) Surgery (4) CR (2) 24 Hypoxic Encephalopathy 

66 Murdered “crime passionnel” 

Metastatic (2) 85 Palliative sedation 

114 Pneumonia 

 
IBT = Initial Bronchoscopic Treatment, CR = Complete Response; no residual tumour detected macroscopically 
(videobronchoscopy, High Resolution Computed Tomography) and microscopically (biopsy and brush specimens).  
 

Within 5 years after IBT, 4 patients died of disease and treatment unrelated causes, a 5-year survival rate of 97% 
(108/112). Disease-specific 5-yr survival is 100% with our combined resectional strategy. There were 60 patients 
with a follow up of >10 years. 12 patients have died within this period; 2 because of the disease, 10 because of 
unrelated causes while three patients refusing surgery are still alive. Overall 10-year survival is therefore 48/60= 
80%; disease specific 10-yr survival rate is still 97% (58/60). 
We compared tumour classification based on bronchoscopic versus surgical specimens in every surgically treated 
patient. In eight patients with extraluminal disease a shift from typical towards atypical histology classification 
was documented without any influence on treatment management and outcome. 
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Discussion 
The standard treatment for both TC and AC is (surgical) resection.2-5,17 Carcinoid tumours harbour a malignant 
potential (atypical being more malignant than typical carcinoids) and a ‘tip of the iceberg’ growth has been 
postulated in which the visible intraluminal part might just be a tiny fraction of tumour growing from deeper 
inside the tracheobronchial wall. 
 
So, subjecting patients to non-surgical resection by less-invasive, e.g. bronchoscopic treatment options was 
deemed unacceptable as this is not an approach through which resection margins could be checked for residual 
tumour, nor sampling of lymph nodes is possible. Surgical parenchyma-sparing techniques such as bronchotomy 
are nevertheless acknowledged to be acceptable from the oncological viewpoint, this in contrast to surgery for 
non-small cell lung cancer.4,5,8 
After achieving a long-lasting CR in a small group of patients with endobronchial TC after endobronchial 
resection11 we started a prospective study to diligently address abovementioned issues.11-13 
 
Current long term data clearly show the relatively low and slow malignant potential of centrally located bronchial 
carcinoids with only two deaths and one patient still alive despite extraluminal atypical metastatic disease after 
radical surgery. 
 
One could assume that delaying surgery by the described approach might induce rapid regrowth and lead to 
irresectability or the need for more extensive resection and/or leads to fast distant spread. All these issues 
cannot be supported during the long term follow up of this study. There were six patients with local recurrences 
after IBT and in the four patients in whom surgical delay might have been caused, the extent of surgical resection 
and long term outcome have not been compromised. Four patients with extraluminal disease on diagnostic HRCT 
performed six weeks (!) after IBT and radically resected with N0 status still developed metastases later on. For 
the 3 patients not achieving CR after IBT refusing surgery, survival with disease is long. 
Iceberg phenomenon can be clinically observed by both looking at the detailed images of current HRCT in 
defining tumour growth pattern, in addition to bronchoscopic examinations in the vast majority of our cases. 
One would argue that too many repeat HRCT and bronchoscopies are burdensome, causing long term emotional 
distress and increases costs. A more detailed analysis about cost-effectiveness of IBT strategy is underway. 
Unpublished own data on the Hospital Anxiety and Distress Scale (HADS score), showed no difference in scores 
for both group of patients. One may carefully states that the ‘so-called’ burden of repeat investigations and 
uncertainty does not seem to outweigh the 42% success rate of IBT as a complementary initial approach to 
surgical resection. At least to our knowledge, there has not been any publication to address this issue properly. 
 
Continuous reflection in optimising our IBT strategy both diagnostic and therapeutically during this longitudinal 
study has resulted that back referral to the pulmonologists after successful IBT is now much earlier and follow-
up has been scheduled less frequently i.e. HRCT repeat scan >2 years interval with virtual bronchoscopy 
assessment without repeat fiberoptic bronchoscopy in addition to the HRCT in case of no residual tumour or 
recurrence. 
Suffices to point out that already in 73% (82/112) of the cases, the initial assessment clearly indicated intra- vs. 
extraluminal tumour growth. Furthermore, in the remaining 30 cases, the first 6 weeks’ evaluation after IBT 
indicated promptly those who required surgical salvage immediately. The maximum “12 weeks delay argument” 
cannot justify the need for immediate surgical exploration and resection given the perspective of successful long 
term outcome after IBT in 42% of the cases (47/112). For the majority of the patients within six weeks period 
after accrual, the treatment advice of choice i.e. surgical resection is clear.  
 
The long term outcome also indicates that general concern for potential rapid regrowth after successful IBT in 
57/112 (51%) is largely exaggerated, albeit resulted in too frequent repeat HRCT and bronchoscopic 
examinations during close surveillance in the study protocol. There were only 4/51 (7.8%) recurrences in the IBT 
group, requiring surgery. They were diagnosed after 47-198 months follow-up, and surgical salvage was 
uncompromised. 
Another central issue in the controversies, especially with the atypical variant is its malignant potential causing 
late recurrence beyond curative surgical option, in which many still advocate more aggressive treatment 
options.17 The Travis classification based on surgical resected specimens lacking data on tumour growth (i.e. 
central vs. peripheral/parenchymal) is possibly not optimal for current patients’ category presenting with mainly 
endobronchial carcinoid.7 Nevertheless, current understanding and classification of bronchial carcinoids seem 



 

87     Bronchoscopic treatment in centrally located bronchial carcinoids 
 

incomplete, and molecular characterisation of the resected specimens, especially in patients who showed a shift 
from typical to atypical type indication the potential of molecular drift is underway. 
 
So far, our long term results show that initial bronchoscopic assessment in exploiting the potential of intraluminal 
tumour eradication seems justifiable. The strategy offers clear and relatively rapid distinction towards the need 
for surgical salvage without compromising outcome. Several authors have additionally published their results of 
bronchoscopic treatment, although in smaller series but showing a similar trend.2,14-16,18 Important to underscore 
that both bronchoscopic and surgical approaches are complementary to optimise management of these patients 
in a multidisciplinary academic setting. Our IBT strategy proves to clearly determine whether there is need for 
surgery or that bronchoscopic therapy suffices. By doing so a large portion of patients presenting with bronchial 
carcinoids (42%) can be treated both curatively as well as offering safe and parenchyma-sparing alternative for 
immediate surgical resection only, without compromising long term outcome. 
In conclusion, our long-term follow-up shows that IBT strategy in patients with bronchial carcinoids, 
complemented with surgical resection in case of extraluminal disease, resulted in excellent long term outcome. 
Further studies of bronchial carcinoids molecular heterogeneity seem warranted. IBT strategy showed to be a 
justifiable alternative for surgical resection in 42% of the cases, and needs to be implemented in the treatment 
of patients presenting with bronchial carcinoids. Disease specific mortality is very low (2.8%). 
 

 

  



 

88     Bronchoscopic treatment in centrally located bronchial carcinoids 
 

References 
1. Soga J and Yakuwa Y. Bronchopulmonary carcinoids: an analysis of 1,875 reported cases with special 

reference to a comparison between typical carcinoids and atypical varieties. Ann Thorac Cardiovasc Surg 
1999;5:211-219 

2. Fink G, Krelbaum T, Yellin A, Bendayan D, Saute M, Glazer M et al. Pulmonary carcinoid: presentation, 
diagnosis, and outcome in 142 cases in Israel and review of 640 cases from the literature. Chest 2001; 
119(6):1647-1651. 

3. Filosso PL, Rena O, Donati G, Casadio C, Ruffini E, Papalia E et al. Bronchial carcinoid tumors: surgical 
management and long-term outcome. J Thorac Cardiovasc Surg 2002; 123(2):303-309. 

4. Hage R, de la Riviere AB, Seldenrijk CA, van den Bosch JM. Update in pulmonary carcinoid tumors: a 
review article. Ann Surg Oncol 2003;10(6):697-704. 

5. Detterbeck FC. Management of carcinoid tumors. Ann Thorac Surg. 2010 Mar;89(3):998-1005 
6. Bertino EM, Confer PD, Colonna JE, Ross P, Otterson GA. Pulmonary neuroendocrine/carcinoid tumors: 

a review article. Cancer. 2009 Oct 1;115(19):4434-41 
7. Travis WD, Rush W, Flieder DB, Falk R, Fleming MV, Gal AA et al. Survival analysis of 200 pulmonary 

neuroendocrine tumors with clarification of criteria for atypical carcinoid and its separation from typical 
carcinoid. Am J Surg Pathol 1998; 22(8):934-944. 

8. Stamatis G, Freitag L, Greschuchna D. Limited and radical resection for tracheal and bronchopulmonary 
carcinoid tumour. Report on 227 cases. Eur J Cardiothorac Surg 1990; 4(10):527-532. 

9. Walch AK, Zitzelsberger HF, Aubele MM, Mattis AE, Bauchinger M, Candidus S, et al. Typical and atypical 
carcinoid tumorsof the lung are characterized by 11Q deletions as detected by comparative genomic 
hybridization. Am J pathol 1998;153:1089-1098 

10. Skov BG, Krasnik M, Lantuejoul S, Skov T, Brambilla E. Reclassification of neuroendocrine tumors 
improves the separation of carcinoids and the prediction of survival. J Thorac Oncol 2008;3:1410-1415 

11. Sutedja TG, Schreurs RG, Vanderschueren RG, Kwa B, Werf ST, Postmus PE. Bronchoscopic therapy in 
patients with intraluminal typical bronchial carcinoid. Chest. 1995 Feb;107(2):556-558 

12. van Boxem TJ, Venmans BJ, van Mourik JC, Postmus PE, Sutedja TG. Bronchoscopic treatment of 
intraluminal typical carcinoid: a pilot study. J Thorac Cardiovasc Surg 1998; 116(3):402-406 

13. Brokx HA, Risse EK, Paul MA, Grünberg K, Golding RP, Kunst PWA et al. Bronchoscopic treatment for 
patients with intraluminal bronchial carcinoids. J Thorac Cardiovasc Surg 2007;133:973-978 

14. Luckraz H, Amer K, Thomas L, Gibbs A, Butchart EG. Long-term outcome of bronchoscopically resected 
endobronchial typical carcinoid tumors. J Thorac Cardiovasc Surg 2006 Jul;132(1):113-115 

15. Bertoletti L, Elleuch R, Kaczmarek D, Jean-Francois R, Vergnon JM. Bronchoscopic cryotherapy 
treatment of isolated endoluminal typical carcinoid tumor. Chest 2006 Nov;130(5)1405-1411 

16. Fuks L, Fruchter O, Amital A, Fox BD, Abdel Rahman N, Kramer MR. Long-term follow-up of flexible 
bronchoscopic treatment for bronchial carcinoids with curative intent. Diagn Ther Endosc. 
2009;2009:782961 

17. Marty-Ane CH, Costes V, Pujol JL, Alauzen M, Baldet P, Mary H. Carcinoid tumors of the lung: do atypical 
features require aggressive management? AnnThorac Surg 1995;59(1):78-83 

18. Katsenos S, Rojas-Solano J, Schuhmann M, Becker HD. Bronchoscopic long-term palliation of a recurrent 
atypical carcinoid tumor. Respiration 2011;81:345-350  

 
  



 

89     Bronchoscopic treatment in centrally located bronchial carcinoids 
 

  



 

90     Bronchoscopic treatment in centrally located bronchial carcinoids 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Respiration. 2011;81(4):285-6, Editorial pertaining article Ms. No. 201009033 
(Bronchoscopic long term palliation of a recurrent atypical carcinoid tumor. 
Katsenos S., Rojas-Solano J., Schuhmann M., Becker H.) 
 
Brokx HAP, Sutedja TG 
 
Division of Thoracic Oncology 
VU University medical center, Amsterdam - the Netherlands  



 

 
 

  

 

9 
Cutting edge without cutting corners: 

bronchoscopic treatment for 
bronchial carcinoids 



 

92     Bronchoscopic treatment in centrally located bronchial carcinoids 
 

9. Cutting edge without cutting corners: bronchoscopic treatment for 
bronchial carcinoids. 

 
 
In this issue of Respiration Katsenos et al. report on the long term palliation by bronchoscopic treatment of a 
patient with recurrent atypical carcinoid.1 They show that multiple recurrences of a bronchial carcinoid can be 
controlled with local i.e. bronchoscopic treatment for a long period of time. Of special interest in this case, is that 
although the initial treatment modality in this case was surgical resection being “enucleation” as described, the 
tumour recurred at another site in the lungs nine years later, rendering surgical resection necessary. In the course 
of many years of follow-up, several recurrences evolved and treated sufficiently by bronchoscopic means and by 
liver segmentectomy for a distant metastasis. 
 
The gold standard for treatment of bronchial carcinoids traditionally has been radical surgical resection. From an 
oncologic point of view, radical surgery should be regarded as a standard approach. However, more conservative 
resection is now considered to be an accepted strategy in the treatment of bronchial carcinoids; being more 
parenchymal sparing with justifiable long-term survival results, for a disease entity that may harbour low-
malignant potential.2-4 Some authors advocated more aggressive therapeutic approaches based on atypical 
histology type classification.5 
 
In line with this normal tissue-sparing approach, bronchoscopic treatment has been utilized in selected patients 
who were either unfit to undergo surgical resection, or who had too extensive disease progression and were 
treated in a palliative setting, for tumour located in the central tracheobronchial tree. 
 
Current understanding of tumour growth and behaviour with regard to the development of local and distant 
disease has enabled us to consider alternative strategies that are aimed toward optimal outcome in terms of 
maximum preservation of quality of life. Furthermore, increased use of minimally invasive techniques has 
improved our abilities for a more tailored approach and evaluation of disease processes, allowing us to consider 
more balanced tissue-sparing alternatives to surgical intervention. A tendency towards tissue preserving 
treatment modalities, respecting oncologic principles, accounts for treatment in nearly all fields of oncology 
nowadays. With respect to the treatment of bronchial carcinoids, more and more authors report on ever-
expanding tissue-preserving curative modalities (i.e. intraluminal bronchoscopic treatment) as sound 
alternatives to (immediate) surgical resection; questioning firmly-based dogma’s of surgical resection being the 
only justifiable treatment option based on histology classification being of utmost importance in clinical decision 
making (i.e. typical vs. atypical histology).6,7 However, with current understanding of tumour biology these 
aspects should be taken into account in a wider perspective.8-10 
 
The initial treatment by Katsenos et al. (“enucleation”); tumour that recurred at another site in the lungs nine 
years later with surgical resection that followed; several recurrences that evolved which were treated sufficiently 
by endoscopic means including liver segmentectomy for a distant metastasis; all point out that natural tumour 
biology possibly would not have been influenced by what was considered primary treatment of choice being 
more extensive radical surgical resection in case of atypical carcinoid tumour classification alone. If primary 
treatment should have been bronchial treatment, would that have changed the outcome? Albeit bronchoscopic 
treatments may alleviate symptoms, are more parenchymal sparing treatment approaches detrimental for the 
outcome? 
 
Still, our proper knowledge and points of view towards bronchial carcinoids and their histologic classification, 
natural biology and treatment modality appear to be lacking for only justifying radical surgical resection in 
selected patients above bronchial treatment. 
 
Our classification, based on work by Travis cum suis, might not be sufficient for al bronchial carcinoids, as this 
classification is based on surgically resected specimens, possibly representing other tumour subtypes as opposed 
to centrally located bronchial carcinoids. There are atypical subtypes pertaining more-malignant potential, with 
a higher tendency to recur or/and metastasize, despite of (aggressiveness) of treatment, versus a more docile 
subtype. Even atypical type with more frequent nodal and distant metastases can have a protracted natural 
disease of several years. 
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Especially in dealing with clinically less malignant tumour type and in light of increasing recognition of the long 
lead time that may occur, one needs to continuously reflect and remain vigilant to enable parenchyma-sparing 
resection whenever feasible. 
 
In conclusion, there remain numerous questions to be answered in to tailoring the best approach towards our 
understanding and subsequent treatment of this intriguing neuroendocrine tumour entity. 
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10. Reflections and future challenges of initial bronchoscopic treatment 
strategy 

 
In this thesis we have tried to show, based on, and supported by clinical observations, rather than on dogmatic 
repetitions, that at least our Initial Bronchoscopic Treatment (IBT) approach should be implemented in the 
regular treatment strategy of patients presenting with bronchial carcinoids. We do not claim to have every 
answer to unknown questions regarding bronchial carcinoids as a whole, nor do we advocate a substitution for 
the standard treatment. Rather, we want to show that our approach, is an evolution of insights, supported by 
convincing clinical data, enabling a more tailored, safe, cost-effective and optimally tissue sparing treatment 
approach in those suited for this approach without compromising outcome for every patient presenting with a 
centrally located bronchial carcinoid. 
 

(Dogmatic) Issues debunked: 
- Ice berg phenomenon 
In many previous (historical) reports ice berg phenomenon has been used as an absolute contra-indication for 
treatments, other than radical surgical resection i.e. (lobectomy, pneumonectomy).1,2 The growth pattern of 
bronchial carcinoids is like an iceberg; only exposing a small amount of its total body intraluminally, with the 
majority of its body hidden behind the bronchial wall; i.e. extraluminally. A full assessment of tumour growth 
would be impossible from an endoscopic point of view. As a consequence, a bronchoscopic treatment approach 
would never suffice in completely eradicating tumour, allowing regrowth and possible disease progression with 
no restrictions. These limitations seem to prohibit a sound, oncological-principles-obliging endobronchial 
treatment approach. 
 
The outcome data presented in this thesis clearly show that, even if growth pattern is iceberg-like, this is not of 
clinical consequence.3,4 The abilities to evaluate tumour extension have markedly improved. The use of contrast 
enhanced high resolution computed tomography (HRCT) allow for submillimetre assessment of tumour growth. 
Especially if HRCT is performed 6 weeks after IBT, allowing postobstructive changes to resolve, a clear distinction 
can be made between strictly intraluminal or (partly) extraluminal growth. Bronchial treatment can then be 
sufficient in the strictly intraluminal cases. The extraluminal cases are sent for surgical resection. Furthermore, 
technical advancements in endoscopic treatment and assessment possibilities enable, and justify this IBT 
approach. The long term outcome of the patient group presented was excellent (disease-specific 5- and 10-year 
survival being 100% and 97%, respectively) and does not differ from previously presented surgical series.5-8 
 

- Bronchial carcinoids can not be safely treated bronchoscopically 
Bronchial carcinoids, presenting as well-vascularised tumours, have historically been advised to handle with care 
during bronchoscopies. Performing biopsies should be taken with great precautions, because of potential 
massive bleedings. In the patient group presented in this thesis, there has been one (1 out of 112 patients= 0.9%) 
major bleeding during bronchoscopy, for which immediate thoracotomy was successfully performed.4  
 
The bronchoscopic treatment during IBT is performed under controllable circumstances, with patients under 
conscious sedation, using a rigid bronchoscope. The carcinoid tumour is taken out piecemeal, followed by 
electrocautery. During the treatment process topical adrenaline can be applied to control minor disturbing 
bleeds. There are other reports supporting abovementioned experiences with regard to the clinically irrelevant 
danger of massive bleeding of bronchial carcinoids during bronchoscopic tissue sampling and or treatment.7,9  
 
- Surgical resection is the standard treatment of choice in patients presenting with bronchial 
carcinoids 
From an oncological point of view, it is fair to consider surgical resection as the gold standard. However, 
discarding the results presented in this thesis is not fair. The IBT approach should not be considered as an 
alternative for surgical resection; it should be considered as a further tissue-sparing tailoring of treatment 
possibilities. The IBT approach allows to select and possibly treat the appropriate candidates prior to potential 
surgery. The data show that it is safe and feasible to apply the IBT strategy in every patient presenting with a 
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centrally located carcinoid. Within a timeframe of 6 weeks a clear distinction is possible to select patients suited 
for BT (attempt); that is: those with strictly intraluminal and bronchoscopically attainable carcinoids. The patients 
with an extraluminal or unattainable carcinoid are treated surgically.  Choosing immediate surgical resection as 
the standard therapy in every patient, means an unnecessary wasteful treatment modality for up to 42% of the 
patients. Considering excellent outcome, patients’ satisfaction and cost-effectiveness IBT should be 
implemented in the standard work up for patients presenting with centrally located bronchial carcinoids. Surgical 
resection should only be considered the gold standard for extraluminally located, bronchoscopically unattainable 
carcinoids.  
 

- Bronchial treatment only for palliative cases 
The recently published consensus paper by the European Neuroendocrine Tumour Society clearly states that 
bronchoscopic treatment for bronchial carcinoids should only be employed for palliative intent.10 The disease-
specific 10-year survival rate (97%) proofs that in patients presenting with intraluminally, centrally located, 
bronchoscopically attainable bronchial carcinoids, BT is justified.3,4 
 
- TC/AC histology is of paramount importance  
This is a difficult discussion. Clearly AC has a higher malignant potential and worse prognosis than TC.6 However, 
the histological classification proposed by Travis et al is based on a series of surgically resected specimens, 
without precise bronchoscopic information on tumours’ locations.6,11 Possibly, a vast amount of cases proofed 
to be peripherally located tumours, and thus reflecting a different cohort than those located centrally. IBT 
strategy is suitable for centrally located tumours, and the key issue for deciding treatment modality (BT versus 
surgery) is tumour growth pattern; that is, intraluminal or extraluminal growth. In terms of prognosis and 
outcome in centrally located bronchial carcinoids, TC/AC histology certainly is of importance, in case of deciding 
treatment modality in centrally located bronchial carcinoids, TC/AC histology does not seem to be of paramount 
importance. 
 
- Bronchoscopic treatment leads to uncertainty and thus to diminished quality of life 
Quality of life analysis in this thesis, although retrospectively scored, show that IBT, with its concomitant long-
term follow-up regimen does not, in spite of relative treatment outcome insecurity, deteriorate patients’ QoL 
perceptions. Hospital Anxiety and Depression Scale (HADS) scores were comparable for both bronchoscopically 
treated as well as surgically treated patients. The advantage of definite outcome after surgical cure seems to be 
diminished by its negative influence on QoL perception by the patients. The assumed burden of prolonged follow-
up and relative insecurity does not seem to have a negative impact on QoL. Completion surgery, providing instant 
certainty on treatment outcome, can lead to significant and persisting physical complaints that may negatively 
affect patients’ perspectives on QoL. Current analysis underscores the potential of IBT as a treatment alternative 
for immediate surgical resection, without detrimental effect on patients QoL. 
 
- Bronchoscopic treatment leads to increased costs due to mandatory long-term follow up 
IBT strategy is not a replacement for surgical resection, but it is a tailoring of less invasive treatment for those 
suited for bronchoscopic treatment, besides surgical treatment for those with extraluminal disease. A 
comparison between the IBT group with a same-sized patient group undergoing immediate surgical resection 
revealed total and per patient costs for IBT strategy of € 1,124,616.89 and € 10,317.59, respectively. Total and 
per patient costs for the virtual but similar group with only the classical approach of immediate surgical resection 
revealed € 1,101,618.94 and € 10,106.60, respectively. These calculations were done with a follow-up of ten 
years following ACCP guidelines.12 Consensus on advice for intensity and duration of follow up after surgical 
resection is lacking.7,12,13   Taken into account our long term data and the indolent nature of bronchial carcinoid, 
a less strict follow up regimen after IBT should be suitable, leading to a further decrease of costs for IBT strategy. 
So in conclusion, IBT strategy is a cost-effective alternative for immediate surgical treatment strategy. 
 
- Bronchoscopic treatment is under-treatment, leading to high recurrence rates and 
potentially detrimental outcome 
In 6 out 51 cases (12%) recurrences developed after BT. For TC recurrence rate was 4/42= 9.1%, for AC 
2/7=28.6%. If compared to recurrence rates in surgical series, ranging from 1-5% for TC, and 18-25% for AC, these 
numbers are clearly higher for TC after BT, and slightly higher for AC after BT.5,7,8,14 The series of patients is 
relatively small, so percentages can easily become distorted. In the recurrent cases, 2/6 patients underwent 
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successful BT again, the other 4 underwent surgical resection. All six patients are alive and free of disease. The 
extent of surgical resection in these four patients would not have been different in case of immediate surgical 
resection at time of presentation. So from a treatment outcome perspective these recurrences did not lead to 
detrimental outcome. Furthermore, in none of the bronchoscopically treated cases did metastases develop. In 
the surgically treated group, 3 patients developed metastasis, two of them ultimately died of metastatic disease. 
One patient died after postoperative complications. Disease-specific mortality, including surgical mortality has 
therefore been 2.6% (3/112). Again, 5- and 10-year survival rates for the IBT strategy patients was excellent 
(100% and 97%, respectively).4 Hence, BT did show higher recurrence rates, however this did not influence 
outcome. Based on the presented data, BT in centrally located BT should not be considered to be a form of 
under-treatment.  
 
 
 
Questions remaining unanswered: 
- What is the natural course of bronchial carcinoids? 
Up to this moment, the natural course of bronchial carcinoids remains unclear. In the patients historically treated 
surgically, recurrences and metastases do occur. The combination of malignant potential, but indolent 
behaviour, oblige long-term follow up. Unfortunately, only a limited number of prognostic factors, is available. 
Known prognostic factors are histological subtype, and nodal status.6,11,13,15 However, there are conflicting 
reports for nodal status as a prognostic factor.8 Information regarding natural course of bronchial carcinoids after 
bronchoscopic treatment is similarly lacking. Unfortunately, aCGH analysis of resected specimens failed to 
predict clinical course. So far, we have no prognostic factors that can guide us in clinical decision making, 
especially in terms of modality, intensity and length of post-treatment surveillance. 
 
- What should the modality, intensity and length of post-bronchoscopic treatment follow-up 
be? 
Guidelines from different societies vary in their recommendations for surveillance. These variations concern 
modality, intensity and length of surveillance. These recommendations are all for post-surgical surveillance. 
However, the American College of Chest Physicians explicitly mentions the IBT strategy follow-up protocol for 
patients treated bronchoscopically.3,4,12 This post-IBT follow-up regimen has been very strict and has been 
adapted from follow up strategies for patients with early lung cancer (NSCLC). Probably this regimen is too strict, 
especially when taking into account the excellent outcome. To improve this, larger datasets are needed.  Sharing 
data of centres applying IBT would be necessary to achieve this. With larger data sets, stronger conclusions can 
be drawn and perhaps an evidence-based regimen for follow-up can than be developed. With further, future 
technical advancements in non-invasive diagnostic modalities, frequency of follow-up can be significantly 
lowered. Probably the need for bronchoscopic evaluation will diminish with the availability of superior non-
invasive diagnostic instruments, allowing intra- and extraluminal evaluation. The length of follow-up, 
understandably, should probably remain prolonged. 
 
In conclusion, supported by sound clinical data, IBT strategy should be implemented in the diagnostic and 
therapeutic work up of every patient presenting with a centrally located bronchial carcinoid, as it is a more 
tailored, safe, cost-effective, quality of life respecting, and optimally tissue sparing treatment approach with 
excellent outcome. The optimal post-treatment surveillance protocol remains to be explored. 
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Summary 
This thesis is about a tailored treatment strategy for patients with centrally located bronchial carcinoids. An 
extensive analysis regarding bronchial carcinoids themselves, and several aspects of this strategy is performed. 
 
1. 
An overview of current understanding, beliefs and concepts regarding bronchial carcinoids and their treatment 
options are addressed based on the currently available literature. 
 
2. 
Initial bronchoscopic treatment strategy is outlined in this chapter. It is potentially a more tissue sparing 
treatment alternative than immediate surgical resection in patients with intraluminal bronchial carcinoids. 
Indications, criteria for proper treatment selection, the strategy itself, and outcome results are presented. After 
a median follow-up of 65 months (range 2-180), initial bronchoscopic treatment resulted in complete tumor 
eradication in 33/72 cases (46%: 30 typical, 3 atypical). 37/72 cases (51%: 11 atypical) required surgery (two for 
late detected recurrences). Two patients had metastatic atypical carcinoid, one already at referral. Of the six 
patients who died, one was tumor-related. For successful tumor eradication using initial bronchoscopic 
treatment in central carcinoids, intra- versus extraluminal growth appears to be of more importance than 
histological division between typical and atypical carcinoid, per se.  Disease-specific mortality is low and long-
term outcome has been excellent. Implementation of initial bronchoscopic treatment had no negative impact on 
surgical treatment outcome. 
 

3. 
After successful initial bronchoscopic treatment, long-term follow up is mandatory. As this could lead to 
deterioration of quality of life (QoL), descriptive questionnaires and Hospital Anxiety and Depression Scales 
(HADS), were used to explore effects on Quality of Life. Mean Depression score, mean Anxiety score and mean 
total HADS scores were higher in the surgically treated group in comparison to the bronchoscopically treated 
group, although significance levels were not reached (P=0.121, P=0.408 and P=0.206, respectively). None of the 
bronchoscopically treated patients regretted their choice regarding IBT, and they would all advice to prefer IBT 
strategy first. Nine of thirty-five eventually surgically treated patients (26%) regretted IBT. Twenty-four patients 
(69%) expressed persistent post-surgical complaints. The assumed burden of prolonged follow-up and relative 
insecurity does not seem to have a negative impact on QoL. Completion surgery, providing more and instant 
certainty on treatment outcome, may lead to significant and persisting physical complaints, and negatively affect 
patients’ perspectives on QoL.  
 

4. 
The necessity for long-term follow-up after successful initial bronchoscopic treatment (by repeat HRCTs and 
bronchoscopies) may lead to increased costs as opposed to standard immediate surgical resection. A cost 
analysis is presented, describing total and per patient costs for bronchoscopically treated versus surgically 
treated cohorts of patients within the IBT strategy. Furthermore, total and per patient costs for the IBT strategy 
were projected to virtual costs of immediate surgical resection approach, if it would have been applied as the 
gold standard in the first place to all patients. 
 
Total and per patient costs for IBT versus surgically treated cohorts within the IBT strategy were € 506,161.17 
and € 10,769.39, versus € 520,536.12 and € 8,395.74, respectively. Total and per patient costs for the IBT strategy 
were € 1,124,616.89 and € 10,317.59, while immediate surgical treatment at presentation would have cost € 
1,101,618.94 and € 10,106.60, respectively. These analyses show that IBT strategy is a cost-effective alternative 
for immediate surgical resection, and mandatory long-term follow-up does not lead to increased costs in the IBT 
group as opposed to the surgical group. 
 

5. 
Intra- versus extraluminal growth pattern is of crucial importance in determining whether patients are suited for 
either bronchoscopic treatment or surgical resection. In the initial bronchoscopic treatment strategy, tumor 
growth pattern is determined by HRCT scan and bronchoscopic evaluation. A set of immunohistochemical 
parameters (p53, Ki-67, Bax, bcl-2, PAI-2, microvessel density (MVD) and mean nuclear area) is explored to 
identify intraluminal versus extraluminal growth, and thus predict the likelihood of successful IBT (reflected by 
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intra- versus extraluminal growth). Significant difference between intra- and extraluminal tumor growth was 
found with regard to Bax-expression. In the extraluminal group, there were four out of twelve Bax-negative 
typical carcinoids, whereas in the intraluminal group there were no Bax-negative carcinoids (P =0.02). The other 
parameters did not show any significant difference. The results may indicate a more malignant behavior i.e. 
extraluminal growth propensity in cases with extraluminal tumor growth. From an immunohistochemical point 
of view, albeit based on a limit number of cases, for patients with Bax-negative typical carcinoids, the most 
appropriate treatment of choice seems to be surgery and not IBT. 
 

6. 
The natural course of bronchial carcinoids remains unclear, especially its natural course after bronchoscopic 
treatment. Whether there are tissue characteristics predicting for recurrence is not known, nor whether found 
abnormalities at diagnosis are stable over time. Array comparative genomic hybridization (aCGH) has been 
performed in carcinoid tissue samples collected longitudinally to explore the natural course and possible 
prognostic markers for disease recurrence post-IBT to optimize follow up strategy. In four out of seven 
recurrences, aCGH showed more gains and losses than at the time of IBT sampling. However, no distinct nor 
persistent changes in the molecular signature were found between the primary and local recurrence, or 
metastatic tissue. Similarly, no differences in molecular signature were found between the initial specimens 
collected from patient without recurrence versus those with late recurrence or metastatic disease. Carcinoid 
samples show increased chromosomal alterations over time if compared with aCGH analyses of initially collected 
specimens. However, at the time of initial presentation, bronchoscopically sampled carcinoid tissues show no 
prognostic genetic alterations. Therefore, it is unlikely that aCGH can be used as a predictive marker for 
recurrence in patients with bronchial carcinoids. 
 

7. 
Initial bronchoscopic treatment strategy can be applied in every patient presenting with a centrally located 
bronchial carcinoid. If this fails, in case of extraluminal disease or the tumor being beyond endoscopic reach, 
surgical resection will be performed. In some cases, several treatment attempts are performed in order to obtain 
complete tumor removal, with maximal preservation of healthy lung parenchyma. The possible fibrotic effects 
of endobronchial treatment in these cases were evaluated in a retrospective descriptive study of histological 
changes in 48 pulmonary resections initially treated by endobronchial treatment. Central focal fibrosis in 
bronchial mucosa was detected in 40 out of 48 patients. The fibrotic changes showed a distinct morphological, 
scar-like pattern, clearly different from changes due to post-obstruction sequelae. 
 
If translated to clinical course, none of the patients had detrimental outcome due to microscopically observed 
fibrotic changes after bronchoscopic treatment in their surgical resection specimens. Focally and centrally 
located endobronchial fibrosis is likely due to endobronchial treatment and can be discerned in post-treatment 
resection specimen. 
 

8. 
Long term results of initial bronchoscopic treatment strategy in patients with centrally located bronchial 
carcinoids are presented. Minimum follow-up was 5 years from start of treatment for 112 patients. The median 
follow up has been 112 months (range: 60-277). Eighty-three patients (74%) had TC, and 29 (26%) AC. IBT only 
was ultimately curative in 42% of the cases (47/112): 42 TC, 5 AC. Disease-specific mortality including surgical 
mortality has been 2.6% (3/112) in patients with extraluminal carcinoids (3 AC). Initial bronchoscopic treatment 
strategy is justifiable with excellent long term outcome. IBT made surgery unnecessary in 42% of the cases. 
Iceberg phenomenon and metastatic potential in this group of patients with bronchial carcinoids are clinically 
insignificant.  
 
9. 
In this chapter a case report on the long term palliation by bronchoscopic treatment of a patient with recurrent 
atypical carcinoid, presented by Katsenos et al. is discussed. 
This case is a graphic example showing the clinically less malignant tumor type, and its subsequent window of 
opportunity and justification of tailoring the best parenchyma-sparing treatment approach in patients presenting 
with centrally located bronchial carcinoids. 
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10. 
This final chapter summarizes the lessons learned by this thesis. Dogmatic issues that, based on the data 
presented in this thesis are debunked, or further weakened. However, numerous questions remain unanswered 
and need further, possibly more extensive studies to be answered in the future.  
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Nederlandse samenvatting 
Dit proefschrift gaat over een op maat gesneden strategie voor de behandeling van patiënten met centraal 
gelegen bronchus carcinoïden. Een uitgebreide analyse met betrekking tot bronchus carcinoïden zelf, en 
verschillende aspecten van deze strategie worden behandeld. 
 
1. 
Een overzicht van de huidige inzichten, overtuigingen en concepten met betrekking tot bronchus carcinoïden en 
hun behandelopties op basis van de momenteel beschikbare literatuur worden besproken.  
 
2. 
Initiële bronchoscopische behandeling (IBT) strategie wordt beschreven in dit hoofdstuk. Het is een potentieel 
meer weefsel sparend behandelalternatief dan directe chirurgische resectie bij patiënten met intraluminale 
bronchus carcinoïden. Indicaties, criteria voor selectie van de juiste behandeling, de strategie zelf, en de 
behandelresultaten worden gepresenteerd. Na een mediane follow-up van 65 maanden (range 2-180), 
resulteerde IBT in complete remissie in 33/72 gevallen (46%: 30 TC, 3 AC). In 37/72 gevallen (51%: 11 AC) was 
een operatie nodig (twee voor laat gedetecteerde recidieven). Twee patiënten hadden gemetastaseerd AC, één 
al ten tijde van verwijzing. Van de zes overleden patiënten, was de doodsoorzaak bij slechts één patiënt tumor-
gerelateerd. Voor succesvolle tumor verwijdering middels IBT in centrale carcinoïden, lijkt intra- versus 
extraluminale groei van groter belang dan strikte histologische classificatie tussen typisch en atypisch carcinoïd. 
Ziekte-specifieke sterfte is laag en de lange-termijn resultaten zijn uitstekend. De implementatie van IBT heeft 
geen negatief effect op de chirurgische behandeluitkomsten gehad. 
 

3. 
Na succesvolle initiële bronchoscopische behandeling (IBT) is langdurige follow-up noodzakelijk. Dit zou tot een 
verslechtering van de kwaliteit van leven (QoL) kunnen leiden. Om de effecten op de kwaliteit van leven te 
onderzoeken werden beschrijvende vragenlijsten en ‘Hospital Anxiety and Depression Scales’ (HADS) gebruikt 
om de effecten van IBT en de noodzakelijke langdurige follow-up op de kwaliteit van leven te onderzoeken. 
‘Mean Depression’ score, ‘mean Anxiety’ score en de ‘mean total HADS’-scores waren hoger in de chirurgisch 
behandelde groep in vergelijking met de bronchoscopische behandelde groep, hoewel de verschillen niet 
significant zijn (P = 0,121, P = 0,408 en P = 0,206, respectievelijk). Geen van de bronchoscopisch behandelde 
patiënten had spijt van hun keuze voor IBT, en ze zouden allen IBT als primaire behandeloptie adviseren. Negen 
van vijfendertig uiteindelijk chirurgisch behandelde patiënten (26%) betreurde IBT. Vierentwintig patiënten 
(69%) hebben persisterende postoperatieve klachten. De veronderstelde last van langdurige follow-up en daaruit 
voortkomende relatieve onzekerheid lijkt geen negatieve invloed op de kwaliteit van leven te hebben. 
(Uiteindelijke) Chirurgische resectie geeft weliswaar meer en directe zekerheid over behandelresultaat, maar 
kan leiden tot aanzienlijke en aanhoudende lichamelijke klachten en een negatieve invloed hebben op de, door 
patiënten ervaren kwaliteit van leven. 
 
4. 
De noodzaak voor langdurige follow-up na succesvolle initiële bronchoscopische behandeling (IBT)  (in de vorm 
van herhaalde HRCTs en bronchoscopiëen) zou in vergelijking met directe chirurgische resectie (de gouden 
standaard) tot hogere kosten kunnen leiden. In dit hoofdstuk is een kostenanalyse verricht, waarin totale en per 
patiënt kosten voor bronchoscopisch versus chirurgisch behandelde patiëntcohorten binnen de IBT-strategie 
worden vergeleken. Bovendien, wordt een virtuele kostenvergelijking gemaakt van totale en per patiënt kosten 
voor de IBT-strategie versus onmiddellijke chirurgische behandeling, als IBT-strategie als gouden standaard in 
alle patiënten zou zijn toegepast. 
 
Totale en per patiënt kosten voor bronchoscopisch versus chirurgisch behandelde patiënten cohorten binnen de 
IBT-strategie waren € 506.161,17 en € 10.769,39, versus € 520.536,12 en € 8.395,74, respectievelijk. Totale en 
per patiënt kosten voor de IBT-strategie waren € 1.124.616,89 en € 10.317,59, terwijl onmiddellijke chirurgische 
behandeling bij presentatie respectievelijk € 1.101.618,94 en € 10.106,60 zou kosten. Uit deze analyses blijkt dat 
IBT-strategie een kosteneffectief alternatief is voor directe chirurgische resectie en dat de noodzakelijke 
langdurige follow-up niet tot hogere kosten leidt in de IBT-groep in vergelijking met de chirurgische groep. 
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5. 
Intra- versus extraluminale groeiwijze is van cruciaal belang om te bepalen of patiënten geschikt zijn voor 
bronchoscopische behandeling dan wel chirurgische resectie. In de IBT-strategie wordt tumor groeiwijze bepaald 
met behulp van HRCT-scans en bronchoscopische evaluatie. Een aantal immunohistochemische parameters 
(p53, Ki-67, Bax, bcl-2, PAI-2, ‘microvessel density’ (MVD) en ‘mean nuclear area’) zijn beoordeeld om 
intraluminale versus extraluminale groei te kunnen identificeren, en dus de mogelijkheid om een succesvolle IBT 
te kunnen voorspellen (uitgedrukt in intra- versus extraluminale groei). Er werd een significant verschil in Bax-
expressie tussen intra- en extraluminale tumorgroei gevonden. In de extraluminale groep, waren vier van de 
twaalf typische carcinoïden Bax-negatief, terwijl in de intraluminale groep er geen Bax-negatieve carcinoïden 
waren (P = 0,02). De andere parameters lieten geen significante verschillen zien. De resultaten kunnen wijzen op 
een meer kwaadaardig gedrag – uitgedrukt in neiging tot extraluminale groei – in de casus met extraluminale 
tumorgroei. Vanuit een immunohistochemisch oogpunt, weliswaar gebaseerd op een beperkt aantal gevallen, 
lijkt voor patiënten met Bax-negatieve typisch carcinoïden, chirurgie en niet IBT de meest geschikte 
behandelkeuze te zijn. 
 

6. 
Het natuurlijke beloop van bronchus carcinoïden is nog steeds onduidelijk, met name het natuurlijke beloop na 
bronchoscopische behandeling. Het is niet bekend of er bepaalde weefselkarakteristieken voorspellend voor 
recidief zijn, noch of gevonden afwijkingen bij diagnose stabiel zijn in de loop van de tijd. In longitudinaal 
verzamelde carcinoïd preparaten is ‘array comparative genomic hybridisation’ (aCGH) uitgevoerd om het 
natuurlijke beloop en mogelijke prognostische markers voor recidief van ziekte na IBT te onderzoeken. Dit ter 
mogelijke optimalisatie van de follow-up strategie. In vier van de zeven recidieven, toonden aCGH analyses meer 
‘gains’ en ‘losses’ dan op het moment van IBT. Er zijn echter geen duidelijke noch blijvende veranderingen in het 
moleculaire profiel gevonden tussen de primaire preparaten en die van lokaal recidieven of gemetastaseerde 
gevallen. Er werden ook geen verschillen gevonden in het moleculaire profiel tussen de initiële 
weefselpreparaten uit casus zonder recidief versus die met laat recidief of gemetastaseerde ziekte. Carcinoïd 
weefselpreparaten vertonen in de loop der tijd verhoogde chromosomale afwijkingen in vergelijking met aCGH 
analyses van de initieel verzamelde exemplaren. Echter, op het moment van de initiële presentatie, vertonen de 
bronchoscopisch verkregen carcinoïd weefsels geen voorspellende genetische veranderingen. Daarom is het 
onwaarschijnlijk dat aCGH kan worden gebruikt als een voorspeller voor recidiveren van ziekte bij patiënten met 
bronchus carcinoïden. 
 

7. 
De initiële bronchoscopische behandelingsstrategie (IBT) kan toegepast worden in elke patiënt die met een 
centraal gelegen bronchus carcinoïd gepresenteerd wordt. Als IBT mislukt - bij extraluminale ziekte of als de 
tumor zich buiten endoscopisch bereik bevindt -, wordt chirurgische resectie uitgevoerd. In sommige gevallen 
worden meerdere behandelpogingen verricht in een poging complete tumorverwijdering, met maximaal behoud 
van gezond longparenchym te bereiken. De mogelijke fibrotische effecten van endobronchiale behandeling in 
deze gevallen zijn geëvalueerd in een retrospectief beschrijvend onderzoek van histologische veranderingen in 
48 pulmonale resecties die aanvankelijk endobronchiaal behandeld zijn. In 40 van de 48 patiënten werd centrale 
focale fibrose in het bronchiale slijmvlies gezien. De fibrotische veranderingen toonde een typisch, morfologisch 
litteken-achtig patroon, duidelijk verschillend van post-obstructieve veranderingen. 
Vertaald naar klinisch beloop, hebben de microscopisch waargenomen fibrotische veranderingen in geen van de 
patiënten een negatief effect gehad op het uiteindelijke behandelresultaat. Focaal en centraal gelegen 
endobronchiale fibrose is waarschijnlijk te wijten aan de endobronchiale behandeling en kan worden 
onderscheiden in het uiteindelijke chirurgische resectiepreparaat. 
 

8. 
In dit hoofdstuk worden de lange termijn resultaten van de initiële bronchoscopische behandelingsstrategie (IBT) 
bij patiënten met centraal gelegen bronchus carcinoïden gepresenteerd. Voor 112 patiënten was de follow-up 
minimaal 5 jaar vanaf aanvang van de behandeling. De mediane follow-up was 112 maanden (range: 60-277). 83 
patiënten (74%) hadden TC en 29 (26%) AC. IBT alleen was uiteindelijk curatief in 42% van de gevallen (47/112): 
42 TC, 5 AC. Ziekte-specifieke mortaliteit (inclusief chirurgische mortaliteit) was 2,6% (3/112) bij patiënten met 
extraluminale carcinoïden (3 AC). IBT is te rechtvaardigen met een uitstekende lange termijn uitkomst. IBT 
maakte chirurgie overbodig in 42% van de gevallen. IJsberg-fenomeen en kans op metastasering in deze groep 
van patiënten met bronchus carcinoïden zijn klinisch insignificant gebleken. 
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9. 
In dit hoofdstuk wordt een ‘case report’, gepubliceerd door Katsenos et al, over lange termijn palliatie met 
behulp van bronchoscopische behandeling van een patiënt met recidiverend AC, becommentarieerd. 
Deze casus is een goed voorbeeld van het klinisch minder maligne tumor gedrag en de daaruit voortkomende 
mogelijkheid en rechtvaardiging van het benutten van de beste parenchym-sparende benadering in de 
behandeling van patiënten met centrale bronchus carcinoïden. 
 

10. 
Dit laatste hoofdstuk geeft een overzicht van de lessen die zijn geleerd in dit proefschrift. Dogmatische kwesties 
worden, op basis van de in dit proefschrift gepresenteerde gegevens, ontkracht, of verder verzwakt. Echter, een 
groot aantal vragen blijft onbeantwoord en meer, en uitgebreidere studies zijn in de toekomst nodig om deze 
vragen te kunnen beantwoorden. 
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Dankwoord 
Als je lang aan iets werkt, dan doe je dat vanzelfsprekend ook met een hoop mensen. Velen hebben dan ook 
bijgedragen aan mijn promotie; direct of indirect. Hoewel ik me realiseer dat ik waarschijnlijk niet volledig kan 
zijn wil ik een aantal mensen in het bijzonder bedanken. We weten allemaal dat dankbaar zijn een deugd is, maar 
je dankbaarheid echt uitspreken, doen we te weinig. Nu dus een uitgelezen mogelijkheid voor mij... 
 
Allereerst wil ik de patiënten bedanken voor de tijd en moeite die ze hebben genomen om de enquêtes te 
beantwoorden en terug te sturen en al mijn follow-up telefoontjes te beantwoorden. 
 
Mijn Promotor, Prof. Dr. P.E. Postmus, voor mij een van de weinige echte professoren. Erudiet, eloquent, 
aimabel, bevlogen en gewoon een oprecht en fijn persoon. Ik ben in de gelukkige omstandigheid dat we elkaar 
in een andere hoedanigheid dan als promovendus en promotor hebben leren kennen. Mijn dankbaarheid reikt 
vele malen verder dan die vanuit een promovendus naar zijn zeer gewaardeerde promotor. Wat u voor mij 
gedaan heeft is zeer bijzonder en zal ik mijn leven niet vergeten. Ik ben echt blij dat u altijd in de goede afloop 
van dit project bent blijven geloven en er uw tijd in heeft willen blijven steken. Ik beschouw u niet slechts als 
mijn promotor, maar meer nog als mijn vaktechnische vader, die mij met veel dingen geholpen heeft, en mij 
inspireert te blijven proberen het maximale uit mijn gegeven capaciteiten te halen. Prof Postmus; Piet, mijn dank 
is groot en levenslang. 
 
Mijn Co-promotor, Dr. K.J. Hartemink. Beste Koen, als een jonge, maar zeer bevlogen en begaafd chirurg ben jij 
een voorbeeld voor velen binnen de chirurgie. Ik ben je erg dankbaar, dat jij je energie hebt willen steken in mijn 
proefschrift op het moment dat de motor aangezwengeld diende te worden en moest blijven lopen.  
 
Mijn Co-Promotor, Dr J.A.M. Daniels, Beste Hans, dank voor jouw hulp met de afronding van dit proefschrift, 
jouw hulp bij het op orde krijgen van de patiëntgegevens en jouw heldere en duidelijke adviezen en ideeën zijn 
van grote waarde geweest voor dit proefschrift. 
 
Mijn Paranimf, Dr T.G. Sutedja. Tja, waar moet ik beginnen. Net als prof Postmus, begint ons verhaal al ver voor 
dit project. Toen al maakte u een onuitwisbare indruk op me en ik heb al die keren met u en Luud op de 
behandelkamer altijd prachtig gevonden. Uw bevlogenheid en passie voor uw werk, maar vooral ook voor de 
zaken daarbuiten zijn aanstekelijk. Ik heb enorm veel van u geleerd; vakinhoudelijk, maar vooral ook over het 
leven, en natuurlijk ook over reizen, Indonesië en lekker eten. Altijd bent u oprecht betrokken geweest bij vele 
gebeurtenissen in mijn leven en zelfs dat van mijn familie. Uw onuitputtelijke energie en ideeën, zijn soms 
onnavolgbaar, maar werken altijd aanstekelijk. Ik ben enorm dankbaar dat u eigenlijk al vanaf dat ik scholier was 
een rol in mijn leven speelde en dat al die jaren, ook buiten het werk om, bent blijven doen. Ik zie u als veel meer 
dan begeleider van dit project; maar dat wist u denk ik al wel! Groot zijn de dingen die u voor mij gedaan heeft 
en de lessen die u mij geleerd heeft; evenzo mijn dankbaarheid voor u.  
 
Mijn Paranimf Pieter Brokx, mijn grote broer. Wat ben ik trots dat jij mijn broer bent en dat je bent wie je bent 
en doet wat je doet. Onze band is de laatste jaren eigenlijk alleen maar sterker geworden en daar ben ik heel blij 
mee. Ik ben je dankbaar voor alles wat je voor me hebt gedaan, en dat is als grote broer stiekem al snel een 
heleboel. 
 
Leden van de Leescommissie, Prof. Dr. E. Smit, Prof. Dr. H.A. van Swieten, Prof. Dr. J.A. Rauwerda, Prof. Dr. J.G.J.V 
Aerts, Dr F.M.N.H. Schramel. Ik ben u zeer erkentelijk voor de tijd die u gestoken heeft in het beoordelen van 
mijn proefschrift 
 
Leden van de Promotiecommissie, Prof. Dr. E. Smit, Prof. Dr. H.A. van Swieten, Prof. Dr. J.G.J.V Aerts, Dr F.M.N.H. 
Schramel. Dr. H. Rijna, Dr. K.W.E. Hulsewe.  Ik ben u zeer erkentelijk voor de tijd die u gestoken heeft in het 
beoordelen van mijn proefschrift en de verdediging daarvan. 
 
Alle mede-auteurs wil ik bedanken voor eenieders tijd en energie gestoken in de totstandkoming van mijn 
proefschrift. Ik besef me terdege dat er door velen ook een hoop tijd gestoken is in projecten die uiteindelijk niet 
tot publiceerbare data hebben geleid. 
 
Jan Pieter Postmus. Ja Jantje, bij jou is het eigenlijk allemaal begonnen. Dank dat jij me destijds naar je vader en 
Sutedja hebt geleid. Er zijn een hoop mooie dingen aan deze actie ontsproten. Ook al hebben we elkaar de laatste 
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jaren niet veel gezien, dat wil niet zeggen dat je geen goede vriend van me bent. Ik hoop dat we elkaar in de 
toekomst weer wat vaker gaan zien.  
 
Peter Kunst, dank je wel voor je enthousiaste begeleiding ten tijde van mijn wetenschappelijke stage. Daar werd 
het ei gelegd. Recent hebben we weer mogen samen werken en dat blijft altijd prettig. Hopelijk tot snel. 
 
Arifa Pasic, na mijn wetenschappelijk stage, mocht ik op de afdeling longziekten komen werken en het eerste 
wat ik toen deed was meewerken aan artikelen voor jouw carcinogenese project. Ik kijk met bijzonder veel plezier 
terug naar deze tijd. Dank daarvoor. 
 
Roderick Breuer, als medisch studentje kwam ik voor mijn stage bij jou op de kamer. Jij hebt me wegwijs gemaakt 
in het leven van een onderzoeker en dat deed je goed en met veel humor. Dank voor de leuke tijd en alle uitleg. 
 
Mede-onderzoekers afdeling longziekten: Bas, Bart, Tji, Jan Willem, Remco, Heleen, Francis, Marieke, Joline. De 
periode van arts-onderzoeker is bijzonder leuk geweest. De dagelijkse gang van zaken was altijd al erg gezellig, 
maar zeker alle congrestripjes en de dan aansluitende dagen zijn erg leuk geweest. Het was, mede dankzij jullie 
een mooie tijd. 
 
Pyng Lee. It was fun doing research with you and sharing our joy about food and traveling. Memories of the trips 
to Buenos Aires and Seoul and North Korea are ones to keep. 
 
Medewerkers behandelkamer longziekten: Luud, Linda, Hanneke. Met veel plezier denk ik terug aan alle 
bronchoscopie-ochtenden. Ik heb het altijd enorm naar m’n zin gehad met en bij jullie. Dank voor de fijne en 
leuke tijd. 
 
Afdeling Pathologie: Peter snijders, Daniëlle Heideman, Clarissa Kooi. Dank voor jullie begeleiding en geduld om 
me enigszins weg wijs te maken in jullie vakgebied. 
 
Secretariaat longziekten: Annie kijk in de Vegte, Wilma IJzermans, dank voor jullie oeverloze geduld en hulp bij 
al mijn vragen en verzoekjes. 
 
Secretariaat Heelkunde: Ilse Kruit, Ron de Hoon. Dank voor jullie hulp om het proces gaande te houden en dat ik 
niet door wachtwoorden of procedures van mijn einddoel werd afgehouden. 
 
Rick Paul. Dank voor alle oneliners, de vele chirurgische lessen en het enthousiasme dat je uitstraalt voor de 
chirurgie. Er zouden meer chirurgen zoals jij moeten zijn, die weten hoe ze een assistent het volledige vertrouwen 
kunnen geven om, weliswaar onder zijn hoede, maar wel gevoelsmatig volledig zelfstandig te kunnen opereren.  
 
Erik Thunnissen. Erik dank je wel voor je hulp met het opzetten en uitwerken van het fibrose stuk. Het heeft even 
geduurd, maar desondanks bleef je hulp onverminderd en je heldere, logische kijk op het geheel is iets waar ik 
je voor bewonder en waar ik je dankbaar voor ben. 
 
Chirurgen Zaans Medisch Centrum, Frank, Hauwy, Jan Willem, Mimi, Paul, Alexander en Peter Leenhouts. In 
Zaandam ligt mijn chirurgische nest. Hier ben ik mijn opleiding begonnen en geëindigd. Wat een fantastische tijd. 
Dank jullie wel voor mijn chirurgische opvoeding! Ik ben er trots op dat ik door jullie ben opgeleid. 
 
Assistenten Zaans Medisch Centrum. Mooie tijden, dat waren het. Dank jullie allemaal voor de lol die we samen 
gehad hebben. Het ging gelukkig niet altijd alleen maar over chirurgie.  
 
Chirurgen en assistenten VU Medisch Centrum, Dank jullie wel voor de prettige tijd die ik hier heb gehad en voor 
de dingen die ik hier geleerd heb. 
 
Longchirurgen Zuyderland, Jan, Karel, Erik, Yvonne. Wat was het een mooie tijd in Heerlen. Vanaf dag 1 heb ik 
me bij jullie enorm op mijn gemak gevoeld. Het voelde als een wam bad. De tijd is voorbijgevlogen. Ik heb veel 
mogen leren, maar ik heb vooral heel veel lol met jullie gehad. Dank jullie wel voor deze twee geweldige jaren. 
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Fellows Zuyderland ziekenhuis, Flip, James. Smeenk, Siroen, Polle, Veger, Cisca. Eigenlijk heb ik alleen maar 
mooie herinneringen aan mijn tijd in Heerlen en dat komt vooral ook door jullie. Wat een mooie en gezellige tijd 
was het. Ik had het voor geen goud willen missen. Bedankt! 
 
Chirurgen en assistenten Zuyderland Ziekenhuis. Ik wil jullie allen bedanken voor de ontzettend mooie en 
leerzame tijd in het diepe zuiden. Ik kijk met heel veel plezier terug naar mijn tijd bij jullie. Veel geleerd, maar 
vooral is het heel gezellig geweest en heb ik veel gelachen met jullie. Hartelijk dank daarvoor. 
 
Chirurgen Bravis Ziekenhuis. Jullie wil ik bedanken voor het in mij gestelde vertrouwen en de prettige 
samenwerking.  
 
Mijn clubgenoten en huisgenoten. Dank jullie wel boys voor al de mooie dingen die we de afgelopen jaren 
hebben gedaan. De afgelopen jaren is de frequentie wel wat gedaald, maar na deze drukke jaren, komt dat de 
komende tijd hopelijk weer goed. 
 
Mijn oude maatjes, Peterse, Rolf, Alex, Mark, Vaes. Zonder vrienden heb je niks. In ieder geval weinig plezier. 
Gelukkig heb ik jullie en weten jullie mij altijd goed richting de leuke dingen in het leven mee te trekken en niet 
alleen maar bezig te zijn met wat er allemaal werk technisch nog moet. Dank je wel gasten! Voor alles. 
 
Mijn schoonouders. Ik wil jullie danken voor alle hulp en steun die we al die jaren al van jullie krijgen. Jullie zijn 
altijd geïnteresseerd gebleven in het proces van dit proefschrift en hebben ons op vele fronten ondersteund de 
afgelopen jaren. Dank jullie wel. 
 
Carla, mijn liefste zus. Ik ben blij dat jij mijn zus bent en ben je dankbaar voor je onvoorwaardelijke steun. Wat 
fijn om tweeling te zijn met jou. Ik ben er trots op dat jij mijn zus bent. Wij hebben een band die niemand anders 
heeft en die koester ik dan ook. Dank je wel voor wie je bent. 
 
Mijn ouders, Papa en Mama. De basis. Dat zijn jullie. Ik ben er trots op dat jullie mijn ouders zijn. Ik ben gelukkig 
dat ik dankzij jullie kan terugkijken op een meer dan gelukkige jeugd. Ik ben blij dat jullie me gevormd hebben 
tot de persoon die ik nu ben. Ik moet zeggen, nu ik zelf kinderen heb, snap ik dingen, die ik vroeger maar niet 
kon/wilde begrijpen.  
Het feit dat jullie altijd alles in het teken van Pieter, Carla en mij hebben gezet is onwaarschijnlijk bijzonder. Alles 
mag, alles kon, als je maar je best deed. Ik hoop dat ik voor mijn eigen kinderen net zo’n fijne ouder ga zijn als 
dat jullie dat voor ons zijn geweest. Ik hou van jullie. 
 
Jade, Lou en Mila. Mijn prinsessen. De wereld is mooier met jullie. Wat hou ik veel van jullie. Wat een geluk dat 
jullie er zijn; en dat jullie zijn wie jullie zijn. Ik hoop dat jullie niet te veel onder dit proefschrift hebben moeten 
lijden. Ik ben onwaarschijnlijk trots dat ik jullie vader ben. Jullie zien is weten waarom; jullie zijn mijn reden. Tot 
de maan en terug... 
 
Laura, mijn lief. Ik kan me geen wereld zonder jou voorstellen. Ik ben onwaarschijnlijk gelukkig en dankbaar dat 
jij 16 jaar geleden in mijn leven bent gekomen. Ik koester ons zijn, ons gezin, ons leven. Jij geeft mij de essentie: 
geluk en liefde. Jij en de meisjes zijn wat mij beweegt. Met heel mijn hart! 
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Curriculum Vitae 
Hes Brokx was born, together with his twin sister Carla, on the 18th of January 1978 in Breda, the Netherlands. 
He grew up in Oosterhout, together with his older brother Pieter, and his twin sister Carla. He graduated from 
high school at the St. Oelbert Gymnasium in Oosterhout in 1996. 
Numerus Fixus forced him to go to Belgium, to start Medicine at the Katholieke Universiteit Leuven, Belgium. 
The next year he was accepted for medical school at the Erasmus University in Rotterdam, the Netherlands in 
1997. At the end of medical school, he performed his scientific internship with Prof. Dr. P.E. Postmus and Dr. T.G. 
Sutedja at the Department of Pulmonology at the VU University Medical Center, Amsterdam. This was the start 
for this thesis. In 2005 he graduated from medical school, and for the next 18 months he worked as a researcher 
at the Department of Pulmonology at the VU University Medical Center, again under the supervision of Prof. Dr. 
P.E. Postmus and dr. T.G. Sutedja. In 2007 he started his surgical training as a resident at the Department of 
Surgery at Zaans Medisch Centrum, Zaandam (Dr. A.F. Engel). From 2009 until 2011 he continued his surgical 
training at the Department of Surgery at the VU University Medical Center, Amsterdam (Prof. Dr. J.A. Rauwerda, 
followed by Dr. D.L. van der Peet).  
For the last two and a halve years of his surgical training he returned to Zaans Medical Center, Zaandam (Dr. A.F. 
Engel, followed by Dr. F.C. den Boer). In November 2013 he finished his surgical training with a specialization in 
oncologic and gastro-enterologic surgery.   
In November 2013 he started a 2-year thoracic surgery fellowship in Zuyderland Medical Center Heerlen/Sittard-
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