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Abstract
Bronchopulmonary carcinoid tumors (BPCT) are known as low malignity tumors. Different surgi-
cal methods are therapeutically used, ranging from simple excision of the mass to large regional 
resections. Also, the role of positron emission tomography in the diagnosis and staging of BPCT 
is controversial as false negative results has been reported in literature. Our aim was to study the 
diagnostic value of fluorine-18 fluorodeoxyglucose positron emission tomography/computed 
tomography (18F-FDG PET/CT) and the therapeutic effect of specific surgical treatment on BPCT. 
We studied retrospectively from 2005 to 2011 75 cases of BPCT. Preoperative investigations in-
cluded computerized tomography (CT), bronchoscopy and 18F-FDG PET. Statistical comparisons 
were performed based on tumor type, extent of the resection and the standardized uptake value 
(SUV). Fifty six cases were typical, 15 atypical and 4 oncocytic (a subtype of typical carcinoid). Of 
these patients, 27 (17 with typical, 8 with atypical and 2 with oncocytic carcinoid) had undergone 
a 18F-FDG PET scan. Operatory mortality was 0%, while the 7 years survival rate amounted to 
97.5%. No recurrences were seen. Mean SUV was 5.28 for typical and 5.08 for atypical BPCT. The 
oncocytic type exhibited a particularly high SUV. In conclusion, our study, contrary to the findings 
of others, showed that the 18F-FDG uptake of BPCT was similar to that of malignant diseases. Ag-
gressive surgical treatment resulted in a very good prognosis for these carcinoid tumors.

Introduction

B ronchopulmonary carcinoid tumors (BPCT) are rare neuroendocrine tumors with 
low-grade malignancy originating in the neurosecretory cells of the bronchial 
mucosa and were first described in 1944 by Engelberth and Holm [1]. These tu-

mors amount 1%-2% of all lung tumors and 21%-25% of all BPCT [2]. Of all histological pa-
thology specimens only 0.6 of 100,000 are evaluated as being carcinoid tumors. They are 
histologically classified as typical or atypical. Typical carcinoids exhibit rare mitoses and 
non-specific necrotic areas; their 5 years survival is 87%-100% [3, 4]. Atypical BPCT show 
evidence of high mitotic activity (2-10 mitoses per high-power field), and focal and dif-
fuse necrotic areas; they are clinically more aggressive and their 5 years survival is 40%-
59% [3, 4]. Oncocytic BPCT are a subtype of typical carcinoid tumors.

Carcinoid BPT can be central or peripheral. Neuroendocrine tumors of the lung have 
been classified in 2004 by the World Health Organization (WHO) as: low-grade, typical; 
intermediate-grade, atypical; high-grade large-cell carcinomas and small-cell carcino-
mas. Carcinoid BPT are seen at practically any age and in equal proportions for either 
sex. About one third of cases are asymptomatic. The most frequent symptoms are he-
moptysis, dyspnea, cough and obstructive pneumonia. Preoperative diagnosis is made 
by means of biopsy assisted by X-rays or bronchoscopy. The recommended treatment 
for typical BPCT is limited surgical resection and the excision of involved lymph nodes, 
while for atypical BPCT the suggested procedure includes a wider resection and lymph 
node dissection [5]. The outcome of radiotherapy, chemotherapy or treatment by the 
somatostatin analog octreotide is still uncertain. The aim of this report was to share 
our clinic’s experience in diagnosing BPCT by fluorine-18 fluorodeoxyglucose positron 
emission tomography/computed tomography (18F-FDG PET/CT) scintigraphy.

Subjects and methods

A total of 75 patients who had undergone surgery for BPCT in the years 2005-2011 
at the Thoracic Surgery Clinic of the Sureyyapasa Teaching and Research Hospital 
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for Diseases and Surgery of the Chest 
were evaluated retrospectively. Their 
average age was 47.1 years (range: 18-76 
years). There were 38 (50.6%) men and 37 
(49.3%) women. Preoperative evaluation 
of the patients included their past and 
present medical history, physical exami-
nation, hematology and blood chemistry, 
chest X-rays, computerized tomography 
(CT), bronchoscopy and 18F-FDG PET/CT. 
Patients with metastases as identified by 
PET/CT, those considered inoperable and 
those who had been recommended for 
adjuvant treatment were not included in 
our study.

The generally preferred surgical inter-
ventions were: lobectomy, pneumonec-
tomy, sleeve resection or combinations 
of the preceding, wedge resection, me-
diastinal mass resection, endobronchial 
excision by bronchoscopic electrosurgery 
and sleeve bronchoplasty. All patients un-
derwent sampling of hilar and mediastinal 
lymph nodes. Patients with only radiologi-
cally or clinically suspected diagnosis were 
subjected to mediastinoscopy. 

An intraoperative frozen section biopsy 
was performed in every case. Histological 
evaluation followed the WHO classifica-
tion [6].

Standardized uptake value (SUV) was 
estimated by the PET scan. Due to the 
extremely high uptake of 18F-FDG in the 
oncocytic type of BPCT the SUV of the tu-
mors were divided into three groups and 
evaluated as typical, atypical and onco-
cytic. The SUV expected for carcinoid tu-
mors were compared to those measured 
in our patients and a chi-squared (χ²) test 
applied. Postoperative follow-up includ-
ed physical examination and chest X-rays 
at 1, 3 and 6 months and yearly thereafter, 
and a yearly chest CT. Median follow-up 
duration was 47 months (range, 12-85). 
The 7 years survival was 97.5% (73/75 pa-
tients). Two patients deceased, one with 
a typical and another with an oncocytic 
BPCT, at 55 and 59 months of follow-up, 
respectively. Their cause of death was 
unrelated to either surgery or the tumor. 
One of the patients deceased due to myo-
cardial infarction and the other one due 
to trauma.

Results

Seventy-five patients who had undergone 
surgery in our clinic with a diagnosis of 
BPCT were included in the present study. 
Of these, 20 patients (29.3%) were asymp-
tomatic, their carcinoid tumor being a 
chance finding, while 53 (70.6%) had one 
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Table 1. Demographic, clinical, pathological and surgical characteristics (n:75)

Characteristics Number of patients

Age, mean, years 47.1 (18-76 years)

Sex

Male 38 (50.6%)

Female 37 (49.3%)

Smoking history 35 (46.6%)

Presenting symptoms 53 (70.6%)

Cough 23

Dyspnea 16

Hemoptysis 14

Chest pain 9

Fatigue 7

Weight loss 5

Carcinoid syndrom 1

Asymptomatic patients 22 (29.3%)

Histology

Typical 60 (80%)

Atypical 15 (20%)

Location

Right 46 (61%)

Left 24 (32%)

Trachea 2 (2.6%)

Mediastinum 3 (4%)

Imaging

CT scan only 75

CT scan plus PET 27

Type of surgery

Lobectomy or bilobectomy 51 (68%)

Pneumonectomy 4 (5.3%)

Sleeve pneumonectomy 1 (1.3%)

Sleeve lobectomy 6 (8%)

Sleeve isolated left main bronchus 1 (1.3%)

Bronchoplasty isolated 2 (2.6%)

Wedge resection 4 (5.3%)

Mediastinal mass excision 3 (4%)

Endobronchial excision

With electrosurgery 3 (4%)                        

Complications

Prolonged air leakage 4

Broncho-pleural fistula 1

Wound infection 2
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or more signs or symptoms. The most frequent symptom 
was cough (n=23), followed by dyspnea (n=16). Demograph-
ic, clinical pathology and surgical characteristics of our pa-
tients are found in Table 1.

As for histological type, 56 (74%) cases (28 women and 28 
men, average age 54.75 years) had a typical carcinoid and 
15 (20%; 6 women and 9 men with average age 45.73 years) 
an atypical carcinoid, while 4 other patients (3 women and 
one man, average age 62.75 years) had an oncocytic carci-
noid (Table 1). Surgical treatment was used for these tumors 
in order to entirely resect a single tumor without leaving any 
residual tumor tissue, no matter the specific method used. 
Hilar (N1) and mediastinal (N2) lymph node sampling were 
also performed for the same reason at the time of thora-
cotomy.

In one of our patients was given neoadjuvant treatment. 
The kind of surgery of the 75 patients is mentioned in Ta-
ble 1. The most frequent complication was prolonged air 
leak in 4 (5.3%) patients; there was a bronchopleural fistula 
in 1 case and a surgical wound infection in another 2. There 
was no surgery-related mortality. The duration of postop-
erative hospitalization was 2-40 days, with an average of 
9.98 days. All patients had undergone lymph node sam-
pling; 73 (97.3%) were negative for tumor involvement (N0) 
and 2 were positive (N2; both in atypical carcinoid tumors). 
The latter 2 N2 patients with atypical carcinoid received 
adjuvant chemotherapy. None of the patients had a recur-
rence during follow-up. Tumor size ranged from 1.1cm to 
7.5cm (mean 2.7cm; SD±1.3). At the postoperative staging, 
55 patients were considered staged as IA, 10 IB, 3 IIA, 3 IIB 
and 4 patients stage IIIA (Table 2). This staging followed 
TNM, 7th edition by the American Joint Committee on Can-
cer (AJCC). 

Twenty-seven of the 75 patients had undergone 18F-FDG 
PET/CT. Of these, 17 had typical and 8 atypical carcinoid 
tumor, while 2 others were diagnosed with oncocytic type 
carcinoid (Fig. 1). Average SUV was 5.28 (0-16.2) in the typi-
cal carcinoids and 5.08 (1.5-10) in the atypical ones, with no 
statistically significant difference between them. The SUV 
value in the 2 oncocytic carcinoma cases was 37.9 and 43.4 
(Table 3). Fifteen of the SUV measurements were between 
2.5 and 5. The chi-squared test was statistically significant 
between 2.5-5 SUV group and the other groups in Table 3 
(P<0.001). We note that the oncocytic tumors exhibited very 
high SUV. A SUV higher than 20 was considered as signifi-
cantly increased (P<0.001). 

Figure 1. The PET/CT of an atypical BPCT in the left lung.

Table 3. The standardized uptake values of  carcinoid tumors based on histopathology

    SUV
Total 

    [0.0-2.499] [2.500-4.999] [5.000-9.999] [10.000-19.999] [20.000 +] 

Type

Typical 1 11 2 3 0 17 

Atypical 1 4 1 2 0 8 

Oncocytic 0 0 0 0 2 2 

Total 2 15 3 5 2 27 

SUV: Standardized uptake value.
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Table 2. The patient count of the operated patients with carci-
noid tumors based on post-operative staging
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Discussion

Recent publications show a rather favorable long-term 
prognosis for BPCT patients following surgical resection. 
The prognosis of advanced or metastatic atypical carcinoids 
is, however, significantly worse, with a 5 years survival rate 
ranging from 56% to 77% [7].

No correlation between carcinoid tumors and family his-
tory, smoking or asbestos exposure has been established [8]. 
These tumors are more frequently seen in the fourth decade 
of life [9, 10]. Average age at diagnosis of our patients was 47.1 
(range, 18-76) and 35 patients (46.6%) had smoking history.

While BPCT can manifest themselves by various signs and 
symptoms, 1/3 of the patients may remain asymptomatic [4]. 
In our study, 22 patients (29.3%) were asymptomatic and di-
agnosed by chance by the PET/CT scan. The most frequent 
symptom is irritative cough [11] as in our study. Carcinoid 
syndrome may be observed infrequently (1%-2%) with large 
and metastatic bronchial carcinoids [12, 13]. We diagnosed 
one carcinoid syndrome in a patient with an endobronchial 
carcinoid with no metastases.

It has been reported that more atypical than typical carci-
noids may be found later in life. In contrast to these reports, 
we diagnosed more typical than atypical carcinoids in ad-
vanced age. Oncocytic type carcinoids are seen later in life 
than either typical or atypical ones [12, 14].

The most frequent location of BPCT is main left bronchus 
[11] or according to others, the main right bronchus, as in our 
study (46/24 cases) [12]. In the 46 patients with right-bron-
chus-sided carcinoid was localized in the upper lobe in 12, 
in the middle lobe in 19 and in the lower lobe in 15 patients.  
Carcinoids in the left lung were in the upper lobe in 10 cas-
es and in the lower lobe in 14 on a total of 24. Same as our 
study, right sided BPCT appear to be more frequent than left 
sided ones in literature [15].

The size and stage of the tumor is important for the deter-
mination of the appropriate surgical approach in carcinoid 
tumors. According to the literature, most of our patients 
were staged as IA and IB (65 patients, 86%) and the mean 
tumor size for all patients was 2.7cm [16]. Four patients were 
staged as IIIA (two of them for N2 lymph node metastasis, 
two of them for trachea invasion).

The preoperative diagnostic workup of carcinoid tumors 
includes, chest CT, bronchoscopy, fine needle biopsy and 
18F-FDG-PET/CT. Pulmonary carcinoids, especially typical 
carcinoids, show a lower uptake value in the 18F-FDG scan 
than lung carcinomas [17].

On CT, typical carcinoid tumors usually appear as spheri-
cal or ovoid masses that narrow, deform or obstruct airways. 
They are located more close to the central bronchi while 
atypical carcinoid tumors are generally located peripherally 
in the lung. Calcification occurs in 30% of the tumors and 
lymph node involvement may also be present [18]. Although 
CT findings of carcinoid tumors are well defined, histopatho-
logical diagnosis is necessary.

The uptake values of 18F-FDG in lung tumors are propor-
tional to their proliferation rate, as the increase in glucose 
metabolism causes 18F-FDG to accumulate in tumor tissue. 
Considering this, low 18F-FDG uptake values on the PET/CT 
scan may suggest that the lung lesion is of low malignancy, 
and the opposite [19]. Thus, a SUV<2.5 is generally consid-
ered as pointing to a benign lesion [20, 21]. 18F-FDG PET/CT 
is a valuable imaging tool for early detection of primary tu-

mors, staging, metastases identification and diagnosis of 
recurrences [22, 23]. A recent study suggested that a SUV of 
6 or higher has a predictive value of more than 95% for indi-
cating malignant histology [24].

Typical BPCT are slow-growing tumors and their 18F-FDG 
SUV values are low (1.6-2.4) as intermediate between those 
of benign and malignant tumors [12, 25]. In 15/27 of our pa-
tients who had SUV values between 2.5-5, a chi-squared test 
was positive to differentiate them from the remaining 12 pa-
tients (P<0.001). We notice that in our study the average SUV 
values of typical and atypical carcinoids were higher than 
those reported in the published literature [17, 25, 26]. Also, 
contrary to the literature, the average SUV values of typical 
carcinoids were found higher than atypical carcinoid tumors 
[15]. However, there was no statistically significant difference 
between them.

The 18F-FDG PET/CT is more successful than plain CT in in-
dicating lymph node involvement [27]. In our study two pa-
tients had lymph node metastases (N2; both in atypical carci-
noid tumors). The issue of indicating lymph node involvement 
with 18F-FDG PET/CT could not be analysed in our study as 
these two patients were scanned with CT only and were not 
included in the 18F-FDG PET/CT group. Still, due to the unlikely 
potential of distant metastases in carcinoid tumors, the use of 
PET/CT in preoperative staging is controversial. 

Carcinoids of the oncocytic type are rather rare [28]. Pub-
lished reports are usually case presentations. Even though 
oncocytic carcinoids are a subgroup of typical carcinoids, 
they are generally more centrally located [29]. Four of our 
patients had an oncocytic carcinoid with high SUV above 
20 (P<0.001). The high 18F-FDG uptake in this type has been 
related to its high glucose transmembrane protein (Glut-1) 
content [29].

Aggressive surgical treatment is the treatment of choice of 
BPCT. In atypical carcinoid tumors that have lymph node in-
volvement and in inoperable cases, surgical adjuvant treat-
ment is also needed [30, 31]. Our 2 cases with lymph node 
involvement were also treated with surgery and adjuvant 
treatment.

Broncho PCT are refractory to radiation treatment (RT) but 
RT could be suggested for patients with lymph node metas-
tases who are unoperable [12]. 

The reported 5 years survival for bronchial carcinoid tu-
mors after complete resection is 95% for typical and 60% 
for the atypical tumors [7]. The most important unfavorable 
prognostic factors are: age over 60, atypical histology, medi-
astinal node involvement and early diagnosis of distant me-
tastases. Sex, tumor localization or diameter and the choice 
of surgical treatment do not affect prognosis [11]. The 5 years 
and 10 years survival rates for typical and atypical carcinoids 
have been reported, respectively, as 89% and 72%, while in 
our study the 7 years survival rate was 97.5% [12]. During our 
7 years follow-up 2 patients died, on 4-5 years one with a 
typical carcinoid and another with an oncocytic carcinoid 
tumor, at 55 and 59 months, respectively. Their cause of 
death was unrelated to either surgery or the tumor. One of 
the patients deceased due to myocardial infarction and the 
other one due to trauma.

In conclusion, our study, in contrast with the findings of 
others, shows that the 18F-FDG uptake of BPCT is similar to 
the 18F-FGD uptake of malignant tumors, as estimated by in-
creased SUV values >5.08. The 18F-FDG uptake is very high in 
the oncocytic type of BPCT. 
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