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 Background: Pulmonary carcinoid tumorlets (PCT) are incidental histologic or radiologic discoveries that are localized neu-
roendocrine tumors whose proliferation is associated with chronic pulmonary inflammatory processes. This 
study assessed the imaging findings and histological appearances of PCT co-existing with chronic pulmonary 
inflammatory processes.

 Material/Methods: We performed a retrospective study of 14 patients with incidentally-found PCT with co-existing chronic pul-
monary inflammatory processes who underwent preoperative X-rays and CT between 1 January 2003 and 31 
December 2012. The clinical symptoms, X-rays, CT imaging findings, and histological appearances were retro-
spectively evaluated.

 Results: Twelve women and 2 men were found to have PCT, with a mean age of 55.29±13.90 years (range 25–74 years) 
at diagnosis. Among these 14 patients, hemoptysis, cough, chest pain, expectoration, and chest tightness were 
found in 9 (64.3%), 5 (35.7%), 4 (28.6%), 3 (21.4%), and 1, respectively. For most patients, we could not find any 
small nodules on the X-ray or CT images. However, indirect imaging findings of bronchiectasis (85.7%, 12/14), 
atelectasis (57.1%, 8/14), inflammation (92.8%, 13/14), tuberculosis (7.1%, 1/14), and lung cancer (7.1%, 1/14) 
were found in all 14 patients.

 Conclusions: PCT occurs most commonly in middle-aged women who have chronic pulmonary inflammatory processes such 
as bronchiectasis, atelectasis, and inflammation. Although there are no specific symptoms or direct imaging 
findings in these patients, our results showed that patients who have bronchiectasis, atelectasis, or recurrent 
pulmonary infection are at increased risk for PCT.
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Background

Pulmonary carcinoid tumorlet (PCT) is a rare incidental find-
ing in histopathological examination, which appears to be al-
ways associated with other underlying chronic respiratory 
conditions, such as bronchiectasis and fibrosis [1–5]. PCT is 
benign in its biological behavior, being a tiny peripheral carci-
noid (usually £5 mm) that differs mainly in size from carcinoid 
tumors (>5 mm) [1,5]. PCT develops from hyperplastic neuro-
endocrine cells originating from the bronchial and bronchio-
lar mucosa, which are also called Kulchitsky cells [2]. The his-
tological and immunohistochemical features of PCT are similar 
to those of carcinoids [1,6], but with no obvious carcinoid syn-
drome. Cough and shortness of breath can occur in PCT pa-
tients; however, there are no specific symptoms. Notably, PCT 
is commonly associated with chronic pulmonary inflammato-
ry processes, including fibrosis and bronchiectasis. It was sug-
gested that hyperplastic neuroendocrine cells can secret neu-
ropeptides, which can elicit a peribronchiolar fibrotic reaction 
contributing to chronic fibrotic lung disease [2].

The symptoms associated with PCT are insufficient to make a 
diagnosis of PCT. However, PCT is commonly associated with 
fibrosis and bronchiectasis, which can be diagnosed on com-
puted tomography (CT) images. With increasing awareness of 
PCT, it is also occasionally concurrently found and diagnosed 
on CT images in cases of chronic pulmonary inflammatory pro-
cesses. Ginsberg et al. [2] reported that most PCTs can be de-
tected on CT when they were large enough to be mentioned in 
pathology reports. However, 90% of patients had a diagnosis 
of cancer in their study. Some case reports also demonstrated 
CT imaging findings of incidentally-detected PCT [1,6,7]. Lung 
biopsies are sometimes recommended and used in patients 
with multiple tumorlets when clinical manifestations failed to 
indicate a primary tumor [8]. Preoperative diagnosis of PCT 
is very important for choosing the optimal treatment and for 
prognosis prediction, and it can help relieve patient stress and 
discomfort. However, to the best of our knowledge, no other 
radiologic study has reported the histological appearance and 
associated imaging findings of chronic inflammatory process 
or bronchiectasis in patients with PCT.

In this study we investigated the histological appearance and 
associated imaging findings in patients with PCT.

Material and Methods

Patients

Patient data confidentiality was protected in accordance with 
the principles of the Declaration of Helsinki. The protocol was 
approved by our Institutional Review Board. Written informed 

consent was waived because this was a retrospective study. 
We retrospectively collected and analyzed the clinical data, 
CT images, and histopathological data from 14 patients diag-
nosed with PCT from 1 January 2003 to 31 December 2012. 
PCT was proved through lung surgery or biopsy, which was 
necessary due to symptoms such as dyspnea, recurrent lung 
infections, and severe bleeding caused by a chronic inflamma-
tory process or recurrent bronchiectasis. PCT was incidentally 
detected during histopathological examination of the surgical 
or biopsy sample. Age, sex, clinical symptoms, tumor location, 
imaging findings, and histopathological information were re-
corded and analyzed.

CT techniques

A Philips Brilliance 64 scanner was used in CT examinations. 
The CT scanning parameters were: tube voltage, 120 KVp; tube 
current, 100–400 mA; helical pitch, 1.375: 1; section thickness, 
3.0 mm; gantry rotation time, 0.5 s. The images were recon-
structed with a 1.0-mm section thickness and 1.0-mm incre-
ments. All CT scans were performed within 30 days of when 
the resection or biopsy was performed. Of these 14 patients, 
4 also underwent 3-phase contrast-enhanced CT scanning (ar-
terial, portal venous, and delayed phases). Following unen-
hanced imaging, non-ionic contrast media Ultravist 300 (Bayer 
Schering Pharma AG, Berlin, Germany) was administrated in-
travenously (1.2–1.5 ml/kg) at a rate of 3.0 ml/s, followed by 
administration of 40 ml saline solution, using a power injec-
tor (Ulrich Medical, Ulm, Germany). Arterial, portal venous, and 
delayed phase scans were obtained at 30 s, 60 s, and 120 s.

Histological and immunochemical assay

The resected lung tissues were fixed in 10% neutral buffered 
formalin for 24 h. Then, the specimens were embedded in par-
affin and sliced for hematoxylin and eosin (HE) staining (4-µm-
thick for each sections). Immunohistochemistry was performed 
to confirm the presence of PCT by a board-certified patholo-
gist with 15 years of experience. A comprehensive immuno-
histochemical analysis of synaptophysin (Syn), chromogranin 
A (CgA), thyroid transcription factor-1 (TTF-1), CD56, and neu-
ron-specific enolase (NSE) was conducted. The presence of 
bronchiectasis, tuberculosis, atelectasis, chronic bronchiolitis, 
organizing pneumonia, and cancer was noted.

Imaging analysis

All X-ray and CT images were independently reviewed by 2 ex-
perienced thoracic radiologists. Disparities in image analysis 
were resolved by discussion with a senior radiologist with 12 
years of experience in chest CT reading until consensus was 
reached. For CT images, each scan was reviewed at lung window 
settings on a dedicated picture archiving and communication 
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system (PACS) workstation. The following imaging features 
were evaluated: the number of nodules, tumor location, size, 
edge, presence of calcification, and presence of other chron-
ic pulmonary inflammatory processes, such as bronchiecta-
sis, tuberculosis, and atelectasis. The tumor margin was de-
fined as well-defined (a smooth and clearly visible margin) or 
ill-defined (spiculation or infiltration on >90° of tumor perim-
eter) [9]. Calcification was identified on an unenhanced me-
diastinal window.

Statistical analysis

Categorical variables are presented as the number of cases (per-
centage). Quantitative variables are presented as mean±SD. 
Kappa analysis was performed to measure the degree of agree-
ment between the 2 readers: k £0.2 indicates slight agreement; 
0.2< k £0.4 indicates fair agreement, 0.4< k £0.6 indicates mod-
erate agreement, 0.6< k £0.8 indicates substantial agreement, 
and k >0.8 indicates excellent agreement. Statistical analysis 
was performed using SPSS version 19.0 (IBM Corp., IBM SPSS 
Statistics for Windows).

Results

Clinical features

Patient characteristics are listed in Table 1. Among the 14 sub-
jects with PCT, the mean age at diagnosis was 55.29±13.90 
years (range 25–74 years). Most of the patients were more than 
50 years old (10/14, 71.4%). PCT was more common in wom-
en (86%, 12/14). Hemoptysis, cough, chest pain, expectora-
tion, and chest tightness were found in 9 (64.3%), 5 (35.7%), 
4 (28.6%), 3 (21.4%), and 1 out of 14 patients, respectively.

Imaging findings and diagnosis

We found it was difficult to observe the small tumorlets nod-
ules directly on X-ray or CT images. Imaging findings and di-
agnoses are shown in Table 2. For most patients, we could not 
find any small nodules on the X-ray or CT images. However, 
indirect imaging findings, such as dilated and beaded bronchi 
or a massive patchy shadow or multiple small patchy shadows, 
were found in 13 patients (Figures 1–3). Bronchiectasis was 
found in 12 patients (85.7%), atelectasis was found in 8 patients 
(57.1%), inflammation or organizing pneumonia was found in 

Patient 
No.

Age
(years)

Gender

Symptoms

Cough Hemoptysis
Expecto-
ration

Fever Chest pain
Chest 

tightness
Palpitation

Shortness 
of breath

1 59 F N Y Y N N N N N

2 71 F N N N N N N N N

3 57 F N Y N N Y Y Y N

4 38 F N Y N N N N N N

5 52 F N Y N Y N N N N

6 74 F N Y N N N N N N

7 61 F Y N N Y N N N N

8 68 F Y N N N Y N N Y

9 50 M N N N N N N N N

10 66 F N N N N Y N N N

11 48 F Y Y N N N N N N

12 41 F Y Y N N Y N N N

13 25 M Y Y Y Y N N N N

14 64 F N Y Y N N N N N

Total 55.29±13.90  12: 2
5/14 

(35.71%)
9/14

(64.29%)
3/14

(21.43%)
3/14

(21.43%)
4/14 

(28.57%)
1/14 

(7.14%)
1/14 

(7.14%)
1/14 

(7.14%)

Table 1. Clinical symptoms in patients with pulmonary carcinoid tumorlets.

M – Male; F – Female; Y – yes; N – no.
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13 patients (92.9%), and calcification was found in 3 patients. 
The Kappa values for those qualitative variables were >0.80.

Finally, 12 patients (85.7%) were diagnosed as having bron-
chiectasis with inflammation, 1 patient (7.1%) was diagnosed 
with lung cancer, and 1 patient (7.1%) was diagnosed with pul-
monary tuberculosis (Figure 3). None of the patients were cor-
rectly diagnosed as having PCT; therefore, the rate of missed 
diagnosis from imaging findings was 100%.

Histological findings

Pathological diagnoses and immunochemical findings in pa-
tients with PCT are listed in Table 3. Histological sections 
showed that tumorlets filled the air spaces in the bronchi. 
Tumorlets consisted of uniform populations of cells with oval 
or spindle nuclei (Figures 1C, 2F, 3E). Tumor cells were arranged 
in nests and had stippled chromatin. Cellular atypia, mitoses, 
and necrosis were absent. For the 12 patients with bronchi-
ectasis, dilated bronchi were also observed in tissue sections.

Immunochemical staining showed that neuroendocrine mark-
ers, such as CgA (Figure 1D), Syn (Figure 1E), CD56 (Figure 1F), 
and NSE (Figure 1G), were highly expressed in the tumorlets. 
CgA, Syn, CD56, and NSE were positive in 100% of patients 
and TTF-1 was positive in 77.8% (7/9) of patients.

Discussion

PCT is extremely rare and is usually an incidental finding in 
lung biopsy or at histopathological examination [1]. Although 
CT can detect tumorlets in some cancer patients [2], it is dif-
ficult to find the nodules in other patients who have bronchi-
ectasis or chronic inflammations. This report shows that PCT 
is commonly associated with chronic pulmonary inflamma-
tory processes such as fibrosis and bronchiectasis that can 
be diagnosed on computed tomography (CT) images. In addi-
tion, PCT was more commonly observed in middle-aged wom-
en in our study.

Patient 
No.

Techniques

Location

Imaging findings Imaging diagnosis

X-ray CT Nodules
Bronchie- 

ctasis
Atelectasis

Calcifi-
cation

Bronchie- 
ctasis with 
inflamma- 

tion

Other
Missed 

diagnosis

1 N Y RLB N Y N N Y N Y

2 Y Y RUB Y N N N N LC Y

3 Y Y LLB N Y Y Y Y N Y

4 N Y LLB N Y N N Y N Y

5 Y Y LLB N Y N N Y N Y

6 Y Y RMB N Y Y Y Y N Y

7 Y Y RMB N Y Y Y Y N Y

8 Y Y RMB N N N N N N Y

9 Y Y LLB N Y Y N Y TB Y

10 N Y RL N Y Y N Y N Y

11 N Y RUB N Y Y N Y N Y

12 N Y RMB N Y Y N Y N Y

13 N Y LL N Y Y N Y N Y

14 N Y RL N Y N N Y N Y

Total
1/14

(7.1%)
12/14

(85.7%)
8/14

(57.1%)
3/14

(21.4%)
12/14

(85.7%)
14/14
(100%)

Table 2. Imaging findings and imaging diagnoses in patients with PCT.

PCT – pulmonary carcinoid tumorlets; LC – lung cancer; TB – tuberculosis; Y – yes; N – no; RL – right lung; LL – left lung; RLB – right 
lower lobe; RUB – right upper lobe; LLB – left lower lobe; RMB – right middle lobe.
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A

D

B
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F

Figure 1.  A 61-year-old woman with PCT and bronchiectasis. Dilated, beaded bronchi and cysts with defined borders can be observed 
in the lung window CT image (A, white arrowheads). Cord-like shadows can be observed in the mediastinal window (B, white 
arrows). PCT was evidenced by histopathological examination (C, black arrow). Tumorlets consisted of a comparatively 
uniform population of cells with oval or spindle nuclei. Mitoses were absent. Immunochemical staining revealed that the 
neuroendocrine markers CgA (D), Syn (E), CD56 (F), and NSE (G) were highly expressed in the tumorlets.

A

D

B

E

C

F

Figure 2.  A 57-year-old woman with PCT and bronchiectasis and atelectasis. A patchy shadow was found in the left lower lobe on 
conventional CT image (long white arrows; A, lung window; B, mediastinal window) and contrast-enhanced CT images 
(white arrowheads; C, D). Obviously dilated and beaded bronchi were observed in the lung section (E). PCT was shown by 
histopathological examination (F, black arrow). Tumorlets consisted of a comparatively uniform population of cells with oval 
or spindle nuclei, without mitoses.
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PCT develops from neuroendocrine cells (known as Kulchitsky 
cells), which are commonly present as single cells or small clus-
ters in the bronchial and bronchiolar epithelium [10]. It has 
been reported that diffuse idiopathic pulmonary neuroendo-
crine cell hyperplasia (DIPNECH), carcinoid tumorlet, and typi-
cal carcinoid form a distinct subset of neuroendocrine tumors 
with distinct morphologic, immunochemical, and molecular 
features [1]. For DIPNECH, the proliferation of single, cluster, 
or linear arrays of neuroendocrine cells are confined with-
in the basement membrane of respiratory epithelia [11,12]. 
DIPNECH is frequently associated with tumorlets and/or pe-
ripheral carcinoid tumors and is considered to be a precursor 
to pulmonary carcinoid tumorlets [13–15]. Carcinoid tumor-
lets are distinguished from DIPNECH by extension beyond the 
basement membrane of the epithelia, with a size of 5 mm or 
less [1,11,12,15]. The tumor can be diagnosed as an atypical 
carcinoid if the size is larger than 5 mm. Size is the only cri-
terion with which to discriminate PCT from typical carcinoid 

tumors [1]. Aubry et al. [8] reported that neuroendocrine cell 
hyperplasia was not found in tumorlets or peripheral carcinoid 
tumors, which suggests that neuroendocrine cell hyperplasia is 
not an obligate precursor lesion. Very little is known about the 
molecular mechanism of PCT, and genetic alterations may be 
involved in its progression. Finkelstein et al. [16] reported that 
Int-2 allelic imbalance is involved in carcinoid tumor formation.

Clinical symptoms and imaging findings are insufficient to make 
a correct preoperative diagnosis of PCT, especially in patients 
with chronic pulmonary inflammatory processes such as bron-
chiectasis, tuberculosis, and atelectasis. Histological and im-
munochemical examinations are the criterion standard for di-
agnosis of PCT in clinical practice. PCT consists of a relatively 
uniform population cells with oval or spindle nuclei, which are 
present as clusters or small nests [1]. As the cells lack mito-
ses and cellular atypia, PCT usually lacks necrosis [17]. In com-
prehensive immunohistochemical analysis, CgA, Syn, NSE, and 

A

D

B

E

C

Figure 3.  A 68-year-old woman with PCT and pulmonary tuberculosis. A patchy shadow was found in the middle right lobe on 
chest radiographs (A, white arrowheads) and CT images (long white arrows; B, lung window; C, mediastinal window). 
A 6.0×4.0×2.0 cm lung section was obtained and a sallow nodule was found. Several tuberculoid nodules and carcinoid 
tumorlets (D, E, black arrows) were observed in histopathological examination. Tumorlets consisted of a comparatively 
uniform population of cells with oval or spindle nuclei.
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CD56 are regarded as neuroendocrine biomarkers of PCT [1,14]. 
In the present study, CgA, Syn, NSE, and CD56 were strongly 
positive in tumorlets.

PCT is usually an incidental finding and can occur at any age. 
However, most PCT patients are elderly and most are wom-
en [2,8,18]. Our results in the present study are consistent with 
these earlier reports. It is unclear why this disease occurs pre-
dominantly in women. In addition, it has been reported that 
PCT has no obvious correlation with smoking. Regarding clinical 
symptoms, there are no specific signs indicating PCT. Chronic 
cough, dyspnea, and hemoptysis can occur in PCT patients [8]. 
Normal or only mildly abnormal obstruction occurs in PCT pa-
tients [8]. However, hemoptysis, cough, and chest pain were 
frequently observed in PCT patients in the present study, and 
these clinical symptoms may be related to the accompanying 
bronchiectasis, fibrosis, and tuberculosis. Moreover, lymph 
node metastases and Cushing’s syndrome, which were re-
ported in PCT patients earlier [8], were not noted in the pa-
tients in our study.

Interestingly, PCT is always associated with chronic pulmo-
nary inflammatory processes such as bronchiectasis, fibrosis, 
chronic abscess, and tuberculosis [1,5]. A chronic pulmonary 
inflammatory process was found to be indicative of PCT in 

our study, which is consistent with previous reports [1,5], but 
the association between chronic lung disease and PCT is not 
completely understood. An earlier study reported that lung in-
flammatory progress, microstructure damage, and fibrosis can 
lead to hypoxia, which can induce the proliferation of neuro-
endocrine cells present in the airways [18]. On the contrary, 
we postulated that PCT can lead to fibrotic lung disease by 
secreting neuropeptides that can elicit a peribronchiolar fi-
brotic reaction [2,19,20]. This is because some case reports 
have demonstrated that PCT can also be found in pulmonary 
sequestration [7]. In the present study, 12 of 14 PCT patients 
had bronchiectasis and inflammation, 8 of 14 patients had at-
electasis, and 1 patient also had tuberculosis, and these re-
sults are consistent with previous reports [1,5]. Several stud-
ies proved that vascular endothelial growth factor (VEGF) is 
expressed in tumorlets, resulting in pulmonary fibrosis due to 
profibrotic growth factors secreted by tumorlets [1,2,20,21].

Few radiologic studies have reported PCT findings from chest 
radiographs or CT appearance. Ginsberg et al. [2] showed CT 
imaging of PCT in 35 patients (31 were cancer patients) who 
underwent pulmonary resection. Round or oval lung nodules 
were observed in 33 patients on CT images by radiologists, 
and CT did not reveal any nodules in the remaining 2 patients 
due to diffused fibrosis or small size. Aubry et al. [8] showed 

Table 3. Pathological diagnoses and immunochemical findings in patients with PCT.

Patient No. Pathological diagnosis
Immunochemical findings

Syn CgA TTF-1 CD56

1 Carcinoid tumorlet, Bronchietasis + + – +

2 Carcinoid tumorlet, Adenocarcinoma + + + ND

3 Carcinoid tumorlet, Bronchietasis + + + +

4 Carcinoid tumorlet, Bronchietasis + + – ND

5 Carcinoid tumorlet, Bronchietasis + + + +

6 Carcinoid tumorlet, Bronchietasis + + + ND

7 Carcinoid tumorlet, Bronchietasis + + + +

8 Carcinoid tumorlet, Tuberculosis + + + +

9 Carcinoid tumorlet, Bronchietasis + + + +

10 Carcinoid tumorlet, Bronchietasis ND + ND ND

11 Carcinoid tumorlet, Bronchietasis ND + ND ND

12 Carcinoid tumorlet, Bronchietasis ND + ND ND

13 Carcinoid tumorlet, Bronchietasis + + ND +

14 Carcinoid tumorlet, Bronchietasis + + ND +

Total Pathological diagnosis 11/11 (100%) 14/14 (100%) 7/9 (77.78%)  8/8 (100%)

PCT – pulmonary carcinoid tumorlet; ND – not detected.
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that multiple or solitary nodules could be found in PCT pa-
tients based on CT images, but without specific CT imaging 
findings. In our study, no nodules were found in PCT patients 
on CT images, with the exception of 1 patient who had a histo-
ry of lung cancer. Most of our PCT patients had obvious bron-
chiectasis and chronic inflammation. As a result, the indirect 
imaging findings of massive patchy shadow or multiple small 
patchy shadows were found in 13 patients. For those patients, 
chest radiographs and CT images could not reveal the typical 
tumorlet nodules. PCT can be obscured by local inflammation. 
Therefore, it is hard to observe the small nodules in these pa-
tients, which consequently results in a high rate of missed di-
agnoses. It was difficult to estimate the prevalence of tumor-
lets because the 14 patients in this study had pathologically 
documented tumorlets. Our study showed that patients who 
had bronchiectasis, chronic inflammation, or tuberculosis are 
more likely to have PCT, which may help radiologists diagnose 
this under-recognized condition.
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The main limitation of our study is the relatively small num-
ber of enrolled patients. The main purpose in writing this pa-
per was to increase the awareness that patients with recur-
rent bronchiectasis or chronic inflammation may also have PCT. 
A multi-center study including more PCT patients is needed to 
confirm our findings.

Conclusions

PCT occurs most commonly in middle-aged women who have 
chronic lung diseases such as bronchiectasis or inflammation. 
Our results show that patients with bronchiectasis, atelectasis, 
chronic inflammation, or tuberculosis are more likely to have 
PCT. This information may be useful for radiologists to con-
sider in the differential diagnosis of PCT when they encoun-
ter recurrent chronic pulmonary inflammation or multiple tu-
morlets in clinical practice and could help make an accurate 
preoperative diagnosis.
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