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Abstract
Purpose The objective of this study was to evaluate the role of
68Ga-DOTATOC positron emission tomography (PET)/CT
scan in patients with suspected pulmonary carcinoid tumour
and to compare its results with 18F-fluorodeoxyglucose (FDG)
PET/CT scan.
Methods In this prospective study, 32 patients (age 34.22±
12.03 years; 53.1 % female) with clinical suspicion of
bronchopulmonary carcinoid were evaluated with 68Ga-
DOTATOC PET/CT and 18F-FDG PET/CT. The two imaging
modalities were compared, considering the tissue diagnosis as
the reference standard.
Results Based on the reference standard 26 cases were carci-
noid tumours [21 typical carcinoids (TC) and 5 atypical car-
cinoids (AC)] and 6 cases were non-carcinoid tumours. The
sensitivity, specificity and accuracy of 68Ga-DOTATOC PET/
CT in the diagnosis of pulmonary carcinoid tumour were
96.15, 100 and 96.87 % respectively, whereas those of 18F-
FDG PET/CTwere 78.26, 11.1 and 59.37 % respectively. The
maximum standardised uptake value (SUVmax) of TC on
68Ga-DOTATOC PET/CT scan ranged from 3.58 to 55, while
that of AC ranged from 1.1 to 32.5. 18F-FDG PET/CT was
true-positive in all cases of AC and false-negative in eight
cases of TC (sensitivity for TC 61.9 % and for AC 100 %).

Conclusion 68Ga-DOTATOC PET/CT is a useful imaging
investigation for the evaluation of pulmonary carcinoids.
18F-FDG PET/CT scan suffers from low sensitivity and spec-
ificity in differentiating the pulmonary carcinoids from other
tumours.
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Introduction

Bronchopulmonary neuroendocrine tumours (NETs) are a
subset of bronchopulmonary neoplasms that share a distinc-
tive basic microscopic appearance, resembling NETs found
elsewhere in the body [1]. Bronchopulmonary NETs,
representing 2 % of all lung tumours, are endobronchial in
location in 90 % of the cases. They were classified as typical
carcinoids (TC), atypical carcinoids (AC), large cell neuroen-
docrine carcinoma (LCNEC) and small cell neuroendocrine
carcinoma (SCNEC) based on a number of features such as
number of mitoses per high power field and the presence or
absence of necrosis, nuclear pleomorphism, nuclear cytoplas-
mic ratio and many more [2]. Bronchial NETs account for
approximately 24.5 % of well-differentiated NETs [3]. How-
ever, recent analysis of Surveillance, Epidemiology, and End
Results (SEER) data put it as the most common site account-
ing for almost 32 % [4]. Among the carcinoids, TC are more
common, constituting 65–90 %, with the remaining 10–35 %
being AC [5–7].

The diagnosis of pulmonary carcinoid tumours can be
made based on a number of biochemical investigations and
imaging techniques. The imaging techniques include structur-
al imaging with plain chest radiograph, computed tomography
(CT), magnetic resonance imaging (MRI), functional imaging
with somatostatin receptor scintigraphy (SRS), radioiodinated
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metaiodobenzylguanidine (MIBG) scan and positron emis-
sion tomography (PET) scan. However, there are no findings
on conventional imaging that are specific for carcinoids [8].
They cannot assess the functional status of the tumour and
cannot provide much information on tumour biology and
degree of differentiation. Although various methods have
been described for evaluation of carcinoid tumours, the gold
standard is histopathological examination.

Carcinoid tumours are known to express somatostatin re-
ceptor (SSR) types 2 and 5. Functional imaging techniques
like SRS, aimed at localising these receptors, suffers from low
tumour to background contrast, low resolution for very small
tumours and from the lack of accurate spatial resolution.
2-[18F]Fluoro-2-deoxy-D-glucose (FDG) PET/CT identifies
the tumours based on their glucose metabolism. 18F-FDG
PET/CT has low uptake in carcinoids because of their low
metabolic activity and thus cannot accurately identify the
nature of the lesion. 1, 4,7,10-Tetraazacyclododecane-
N,N′,N″,N′″-tetraacetic acid-D-Phe1-Tyr3-octreotide (68Ga-
DOTATOC) PET/CTscan offers the best possibility of detect-
ing these tumours, with very high sensitivity and specificity
rates with high spatial resolution. The usefulness of 68Ga-
DOTATOC PET scan has been reported in assessing abdom-
inal NETs [9]. However, there is only scant literature available
addressing the role of 68Ga-DOTANOC PET/CT scan in the
evaluation of pulmonary carcinoids [10].

The present study was planned to prospectively evaluate
the role of 68Ga-DOTATOC PET/CT scan for suspected pul-
monary carcinoids and compare its results with those of 18F-
FDG PET/CT scan, using tissue diagnosis obtained at biopsy
or surgery as the gold standard.

Materials and methods

This prospective analytical study was conducted after
obtaining the approval of the Institutional Review Board. This
study was conducted at the Department of Surgical Disci-
plines in collaboration with the Departments of Nuclear
Medicine and Pulmonary Medicine at our institution. Written
informed consent was obtained from all patients. Patients were
recruited into the study during a span of 1 year and 10 months
(February 2010 to November 2011).

Patients

A total of 32 patients with clinical suspicion of pulmonary
carcinoid, presenting to the surgical and medical outpatient
clinic, were included as the study group. Inclusion criteria
were all patients with clinical suspicion of pulmonary carci-
noid tumour based on history, examination or radiological
findings. Children<15 years of age, pregnant women, uncon-
trolled diabetics with blood sugar level of more than 140 mg/

dl and patients who refused to give consent for the study were
excluded from the study population.

The patients were included in the study, after having signed
the informed written consent, underwent complete workup
with an in-depth history taking, thorough clinical examination
and complete routine blood investigations, chest radiograph
and chest CT with bronchoscopy and biopsy whenever feasi-
ble. In those patients who underwent biopsy PET/CTscan was
performed after a period of 6 weeks to avoid false-positive
results. All patients underwent 18F-FDG PET/CT scan and
68Ga-DOTATOC PET/CT scan.

18F-FDG PET/CT imaging

PET scans were performed on a dedicated PET/CT scanner
present in our institute (Siemens Biograph 64) as already
reported [11]. After fasting for at least 4 h, verifying the serum
glucose level (that should be below 140 mg/dl) and with
patients in a resting state, in a quiet room, a dose of
370 MBq of 18F-FDG was injected intravenously. After a
45- to 60-min uptake period, patients were placed in the
scanner. In the PET/CT system, non-contrast CT scan acqui-
sition was performed on spiral dual slice CT with a slice
thickness of 4 mm and a pitch of 1. After CT, 3-D PET
acquisition was done from the skull to mid-thighs with 3–
5 min per bed position. CT-based attenuation correction of the
emission images was employed. PET images were recon-
structed by the iterative method ordered subset expectation
maximisation (2 iterations and 8 subsets) with a filter of 5 mm.
After completion of PET acquisition, the reconstructed
attenuation-corrected PET images, CT images and fused im-
ages of matching pairs of PET and CT images were available
for review in axial, coronal and sagittal planes and in maxi-
mum intensity projections, 3-D cine mode.

68Ga-DOTATOC PET/CT imaging

68Ga-DOTATOC DOTA0-D-Phe1-Tyr3-octreotide was synthe-
sised with a 1,110–1,850 MBq 68Ge/68Ga generator as previ-
ously reported [11]. 68Ga-DOTATOC PET/CT scan was ob-
tained 45–60 min after intravenous injection of 74–111 MBq
of the radiotracer. During the PET/CT acquisition all PET/CT
parameters were kept the same as during 18F-FDG PET/CT
scan, except 3-D PET acquisition timing, which was 5–8 min
per bed position instead of 3–5 min per bed position in 18F-
FDG PET/CT scan.

Interpretation of images

The PET/CT images were evaluated independently by two
experienced nuclear medicine physicians. They were blinded
to the clinical and structural imaging findings. Their findings
were concordant in all cases. PET images were assessed for
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area of increased radiotracer uptake. Corresponding areas in
the CT images and fused PET/CT images were corroborated.
Any non-physiological focal area of increased 68Ga-
DOTATOC or 18F-FDG uptake was looked for, keeping
physiological tracer distribution in perspective. For 68Ga-
DOTATOC PET/CT any non-physiological uptake more
than surrounding tissue was taken as positive. Positive
findings on 68Ga-DOTATOC and 18F-FDG PET were local-
ised to anatomic images from the non-enhanced CT. For
semi-quantitative analysis, a region of interest (ROI) was
carefully drawn around the site of the abnormal 18F-FDG
uptake in the consequent four to six PET/CT scan slices.
The slice with a maximal 18F-FDG uptake in the ROI was
chosen for semi-quantitative measurement of metabolic ac-
tivity of the tracer [standardised uptake value (SUV)]. From
these ROIs, the SUVmax was calculated. 68Ga-DOTATOC
PET/CT images were also interpreted similarly. An ROI
was drawn surrounding the uptake area and the SUVmax

was calculated.

Reference standard

The sensitivity and specificity of 68Ga-DOTATOC PET/CT
scan and 18F-FDG PET/CT scan were calculated considering
tissue diagnosis (preoperative or post-operative) as gold
standard.

Statistical analysis

The statistical package Stata 8.0 (StataCorp., College Station,
TX, USA) and SPSS 16.0 (SPSS Inc., Chicago, IL, USA)
were used for all statistical analyses. The data were expressed
as mean wherever applicable. The sensitivity, specificity, pos-
itive and negative predictive values, false-positive rate, false-
negative rate and accuracy of 18F-FDG PET/CT scan and
68Ga-DOTATOC PET/CT scan in evaluating pulmonary car-
cinoids were calculated.

Results

Patient characteristics

A total of 32 patients with a mean age of 34.22 (±12.03)
years and age range of 16–71 years were evaluated. There
were 15 men and 17 women. The overall demographic
profile of all 32 patients, with their histological diagnosis,
is described in Table 1. The incidence of TC was higher in
the group aged 20–30 years, while AC were common in the
groups aged 30–50 years. Cases of mucoepidermoid carci-
noma (MEC) occurred in patients below 30 years of age,
while cases of squamous cell carcinoma were found in
those above 40 years of age.

Clinical presentation

The patients in our study group presented with a wide range of
clinical manifestations, from being asymptomatic, to having
overt chest symptoms and endocrine symptoms. The common
clinical presenting symptoms in our patients have been
summed up in Table 2. The duration of symptoms ranged
from 1 month to as long as 4 years. One patient in our study
was asymptomatic and was incidentally discovered to have a
mass on a routine X-ray.

Radiological evaluation

All patients initially underwent a chest radiograph and later on
contrast-enhanced CT of the chest was performed to further
characterise the lesion. The chest radiograph was unremark-
able in 5 patients, while in 15 cases it showed the presence of
some hilar opacity, and in another 6 there was evidence of
hilar opacity associated with collapse of the distal lung and
significant loss of lung volume. In five cases there was evi-
dence of parenchymal lesion, while in one patient a mass in
the trachea could be visualised. On contrast CT of the chest, a
well-defined enhancing mass along the bronchial tree was
seen in 25 cases, of which 15 cases had associated collapse
of the distal lung parenchyma and 3 had bronchiectatic chang-
es in the distal parenchyma. There were five parenchymal
lesions—three being a solitary pulmonary nodule and two
being a lower lobe mass lesion (one right and one left). Two
of the patients had lesions in the trachea with intratracheal and
significant extraluminal extension. Thus according to the CT
there were 27 central tracheobronchial lesions and 5 periph-
eral parenchymal lesions.

Bronchoscopy

The patients with central lesions underwent bronchoscopy,
along with biopsy whenever feasible. Bronchoscopic evalua-
tion was performed in 27 patients. The most common finding
on bronchoscopy was a smooth walled vascular polypoidal
lesion, often bleeding on touch. On the whole the right sided
lesions were more common than left sided lesions. Location
wise, the bronchus intermedius was the commonest site. It
was seen that most of the carcinoid tumours were located
within 2.5–3.5 cm from the carina.

Preoperative tissue diagnosis

Bronchoscopic biopsy could be taken in 25/27 patients in
whom bronchoscopic evaluation was performed, while in
the remaining 2 patients the attempt to obtain a bronchoscopic
biopsy was abandoned due to bleeding. Five patients had a
parenchymal lesion, where percutaneous transthoracic biopsy
was attempted with image guidance (CT guidance) in three,
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while in two other patients, biopsy was not possible because
of the small size of the lesion (~1×1 cm in size). In total 28 of
32 patients had a preoperative biopsy (bronchoscopic or
image-guided biopsy). On retrospective analysis, these were
compared with the histopathology of the operative specimen.
It was seen that the preoperative tissue biopsy was concordant
with post-operative biopsy in 17 patients (60.71 %), while it
was discordant in 3 (10.71 %) and inconclusive in 3. Of the
remaining five patients with a preoperative biopsy, one had
undergone endobronchial resection only, one patient was in-
operable and three more patients are yet to be operated, so
there were no post-operative samples to compare and so the
preoperative biopsy was taken as final. Among patients with
carcinoid tumours 22/26 had a preoperative tissue diagnosis,
of which 14 (63.6 %) were consistent with the post-operative
histology, 3 were discordant (13.6 %), 2 were inconclusive
and 3more patients are yet to be operated as mentioned above.
Of the three discordant reports two were reported as small cell
carcinoma (post-operative biopsy was TC and AC).

Treatment analysis

Of the 32 patients enrolled in the study, 27 underwent surgical
treatment. Of these 20 underwent parenchymal resection pro-
cedures (pneumonectomy, lobectomy, bilobectomy and
wedge resection) while 5 underwent parenchyma-preserving
surgeries (4 sleeve lobectomies and one sleeve bronchectomy)
and the 2 tracheal tumours underwent resection and end-to-
end anastomosis of the trachea. One of the patients (a case of

MEC) underwent endobronchial resection for a mass in the
left main bronchus, became asymptomatic post resection and
is doing well at follow-up of 15months. Surgical management
remained the same irrespective of a typical or atypical nature
of the carcinoids. Lymph node dissection was done routinely
in all cases of carcinoid tumours, and lymph node metastasis
was found in only one case, an AC.

Functional imaging

Evaluation of the tumours with 18F-FDG PET/CT scans

All 32 patients included in the study underwent 18F-FDG
PET/CT scan as per the standard protocol described above.
The range of SUVmax on

18F-FDG PET/CT scan for various
types of tumours with their size is summarised in Table 3. 18F-
FDG PET/CT was true-positive in 18/26 carcinoids. It was
false-negative in eight cases of TC (Fig. 1) and true-positive in
all cases of AC (Fig. 2). The sensitivity for TC and AC was
61.9 and 100 % respectively. AC revealed significantly higher
uptake values on 18F-FDG PET/CT compared with the TC
(p=0.002) (Table 3). Among the non-carcinoid tumours in-
cluded in the study, 18F-FDG PET/CTwas positive in all cases
except for one case of MEC.

Evaluation of tumours by 68Ga-DOTATOC PET/CT scans

All 32 patients underwent 68Ga-DOTATOC PET/CT scan as
per the standard protocol described earlier. The findings in
different tumours alongwith the tumour size and tumour uptake
(SUVmax) have been summed up in Table 3. Both TC (Fig. 1)
and AC (Fig. 2) showed intense uptake on 68Ga-DOTATOC
PET/CT against the background; however, there was one case
of AC which failed to show uptake on 68Ga-DOTATOC PET/
CT. None of the non-carcinoid tumours included in the study
showed any uptake on 68Ga-DOTATOC PET/CT. Also of note
is that 68Ga-DOTATOC PET/CT helped in identifying the
presence of tumour metastasis to a mediastinal lymph node in
the case of an AC. No other metastatic lesions were found in
any of the other patients with bronchial carcinoids. TC revealed
significantly higher uptake values on 68Ga-DOTATOC PET/
CT compared with the AC (p=0.003).

Table 1 Demographic profile
and the final histological diagno-
sis in 32 patients with suspected
bronchopulmonary carcinoid
tumour

Final histopathology Patients (n) Age, years (mean ± SD) Sex ratio (M:F)

Typical carcinoid 21 31.24±8.78 12:9

Atypical carcinoid 5 39.60±8.84 1:4

Mucoepidermoid carcinoma 2 19.5±0.70 0:2

Adenoid cystic carcinoma 1 54 0:1

Schwannoma 1 32 0:1

Squamous cell carcinoma 2 58±18.38 2:0

Total 32 34.22±12.03 15:17

Table 2 Common clinical presenting symptoms in our study population

Symptom Overall (n=32) Carcinoids (n=26)

Cough 28 (87.5 %) 21 (80.76 %)

Haemoptysis 23 (71.87 %) 18 (69.23 %)

Dyspnoea 14 (43.75 %) 9 (34.61 %)

Chest pain 16 (50.0 %) 14 (53.84 %)

History of antitubercular treatment 12 (37.5 %) 10 (38.46 %)

Asymptomatic – 1 (3.84 %)

Endocrine symptoms
(Cushing’s syndrome)

– 4 (15.38 %)
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Based on the findings on 18F-FDG PET/CTscan and 68Ga-
DOTATOC PET/CT, sensitivity, specificity, positive and neg-
ative predictive values, and accuracy were calculated for the
diagnosis of pulmonary carcinoids (Table 4). It can be seen
that 68Ga-DOTATOC PET/CT had a higher sensitivity and
specificity than 18F-FDG PET/CT in the diagnosis of pulmo-
nary carcinoid tumour especially in the TC tumours.

Discussion

The mean age of patients with TC was 31.24±8.78 years,
while that of those with AC was 39.60±8.84 years. This
was in keeping with the literature, wherein the patients
with AC tend to be older than those with TC [7, 12].
Our study showed a higher prevalence of TC in compar-
ison to AC as stated in the literature (4:1 ratio) [13]. In
our study the most common presenting symptom among
patients with carcinoid tumour was cough (80.76 %),
which was also the commonest symptom reported by

many other major studies [6, 14]. Most of the tumours
were centrally located (~80 %) as reported in various
studies [6, 15] and were more common on the right side
(69.23 %). The predilection of carcinoids to affect the
right lung is well described in the literature [6, 7].
Among patients with carcinoid tumours with a preopera-
tive tissue diagnosis, three were discordant (13.6 %) of
which two were reported as small cell carcinoma (post-
operative biopsy was TC and AC). The literature also
reports on carcinoids being misdiagnosed as small cell
carcinoma in the preoperative biopsies [16].

Carcinoid tumours are rich in SSRs, so they typically show
high uptake on 68Ga-DOTATOC PET/CT scan which targets
these receptors. There have been various studies in the litera-
ture that have demonstrated the utility of 68Ga-DOTATOC
PET/CT scan in the evaluation of various NETs, but data
regarding its utility in pulmonary carcinoids are essentially
less frequently reported [9, 17–23]. In our study, 68Ga-
DOTATOC PET/CT scan successfully detected almost all of
the patients with carcinoid tumours (sensitivity 96.15 % and

Table 3 The final histology, tu-
mour size, SUVmax on

18F-FDG
PET/CT and on 68Ga-DOTATOC
PET/CT

Histology Range of tumour
size (long axis, cm)

Range of SUVmax

on 18F-FDG PET/CT
Range of SUVmax on
68Ga-DOTATOC PET/CT

Typical carcinoid (21) 1–7 0.74–12.80 (mean 2.88) 3.58–55 (mean 21.50)

Atypical carcinoid (5) 1.8–7 2.4–8.45 (mean 4.37) 1.1–32.5 (mean 15.43)

Mucoepidermoid
carcinoma (2)

2–8 1.22–4.50 1.17–1.40

Squamous cell carcinoma (2) 1.8–3.6 2.6–9.0 0.8–1.70

Schwannoma (1) 5 2.10 0.8

Adenoid cystic carcinoma (1) 2 1.80 0.7

Fig. 1 Transaxial PET (a), CT (b)
and PET/CT (c) images in a
patient with TC inthe right lower
lobe showing intense uptake on
68Ga-DOTATOC PET/CT scan
(SUVmax 6.20). PET (d), CT (e)
and PET/CT (f) images of the
same patient showing no uptake
on 18F-FDG PET/CT scan
(SUVmax 0.74)
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specificity 100 %). The positive predictive value was 100 %,
while the negative predictive value was 85.71 %. There was
no false-positive case. One AC did not show any uptake
(false-negative) on 68Ga-DOTATOC PET/CT scan. In one
patient, 68Ga-DOTATOC PET/CT scan helped in demonstrat-
ing additional lesions in mediastinal lymph nodes which was
confirmed on final histopathological examination, whereas
18F-FDG PET/CT scan was negative in that patient. The
SUVmax of TC on 68Ga-DOTATOCPET/CTscan ranged from
3.58 to 55 (mean SUVmax 21.50), while that of AC ranged
from 1.1 to 32.5 (mean SUVmax 15.43). The TC showed
higher uptake values on 68Ga-DOTATOCPET/CTscan which
may be because of their higher degree of differentiation and
SSR expression than the AC.

The high sensitivity observed in our study with 68Ga-
DOTATOC PET/CT scan was similar to the observations in
other studies. Koukouraki et al. reported an overall sensitivity

of 90.47 % in evaluation of carcinoid tumours (n=15) by
68Ga-DOTATOC PET [19]. Gabriel et al. evaluated 84 cases
of NET (5 bronchial carcinoids) using 68Ga-DOTATOC PET
scan and reported a higher sensitivity for tumour detection by
68Ga-DOTATOC PET as compared to single photon emission
computed tomography (SPECT) or CT. The overall sensitivity
of 68Ga-DOTATOC PETscan was 97 %, specificity 92 % and
overall accuracy 96 % [20]. Ambrosini et al. evaluated 11
patients with pulmonary carcinoids and found 100 % sensi-
tivity, with no false-positive findings on 68Ga-DOTANOC
PET scan. It also detected a higher number of lesions as
compared to CT scan (37 vs 21) [10]. Our results are in
concordance with these reports in the literature.

In our study, 18F-FDG PET/CT had an overall sensitivity
of 78.26 % for detection of pulmonary carcinoids, but the
specificity was as low as 11.1 % as many non-carcinoid
tumours also revealed uptake on 18F-FDG PET/CT scan.
The positive predictive value was 69.23 %, while the neg-
ative predictive value was 16.6 %. The accuracy of 18F-
FDG PET/CT scan for the diagnosis of pulmonary carci-
noids was 59.37 %. In our study, 18F-FDG PET/CT was
true-positive in 18/26 carcinoids. It was true-positive in all
cases of AC and false-negative in eight cases of TC (sensi-
tivity for TC 61.9 % and for AC 100 %). This is in consen-
sus with the study by Daniels et al. who demonstrated a
trend toward higher FDG PET sensitivity for AC tumours
(80 %) compared to TC tumours (72.7 %) [24]. Erasmus
et al. reported that only one of seven carcinoids evaluated
by 18F-FDG PET scan was positive [25], but Marom et al.
reported a higher sensitivity for carcinoids: five of six
patients with pulmonary carcinoids were visually positive
on 18F-FDG PET scan [26].

Fig. 2 Transaxial PET (a), CT (b)
and PET/CT (c) images in a
patient with AC tumour of the
right main bronchus showing
intense uptake on 68Ga-
DOTATOC PET/CT scan
(SUVmax 32.5). PET (d), CT (e)
and PET/CT (f) images of the
same patient showing intense
uptake on 18F-FDG PET/CT scan
(SUVmax 8.45)

Table 4 Results of 18F-FDG PET/CT and 68Ga-DOTATOC PET/CT
studies in the evaluation of pulmonary carcinoids (with 95 % CI)

Parameter 18F-FDG PET/CT 68Ga-DOTATOC PET/CT

Sensitivity 78.26 % (46.2–94.9) 96.15 % (58.7–99.8)

TC 61.9 % TC 100 %

AC 100 % AC 80 %

Specificity 11.1 % (3.4–47.5) 100 % (59.1–100)

PPV 69.23 % (42.1–85.2) 100 % (71.5–100)

NPV 16.6 % (6.4–61.5) 85.71 % (29.4–99.2)

Accuracy 59.37 % 96.87 %

CI confidence interval, PPV positive predictive value, NPV negative
predictive value, TC typical carcinoid, AC atypical carcinoid
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It was seen in our study that the mean SUVmax for AC was
considerably higher than that for TC (4.37 vs 2.88). This is in
consensus with a few studies that have shown AC to have
higher SUVmax than TC on 18F-FDG PET scan. Wartski et al.
reported AC showing increased uptake on FDG PET/CT
(SUVmax 10.6) in comparison to TC (SUVmax 4.87) [27].
Chong et al. also showed that AC had a higher uptake in
comparison with TC (SUVmax range 3.3–7.1 vs 3.2–3.4) [28].

In comparing the two functional imaging modalities, we
found that 68Ga-DOTATOC PET/CT scan had a higher utility
in the evaluation of suspected bronchial carcinoids (sensitivity
96.15 % and specificity 100 %) in comparison with 18F-FDG

PET/CT (sensitivity 78.26 % and specificity 11.1 %). Also
seen was that the two types of carcinoid (typical and atypical)
showed differential uptakes in the two functional scans and
thus a combination of the two functional scans may help in
predicting the tumour histology prior to surgery.

Although only a few studies were available with respect to
68Ga-DOTATOC PET/CT in pulmonary NETs, our finding
was similar to that reported in other studies when considering
NETs in general. Koukouraki et al. comparing 68Ga-
DOTATOC PET scan and 18F-FDG PET in evaluation of 15
carcinoids found 68Ga-DOTATOC PET scan to have higher
sensitivity (90.47 %) than 18F-FDG PET (sensitivity 68.2 %)

Fig. 3 Transaxial PET (a), CT (b)
and PET/CT (c) images in a
patient with MEC of left main
bronchus showing no uptake on
68Ga-DOTATOC PET/CT scan
(SUVmax 1.17). PET (d), CT (e)
and PET/CT (f) images of the
same patient showing no uptake
on 18F-FDG PET/CT scan
(SUVmax 1.22)

Fig. 4 Transaxial PET (a), CT (b)
and PET/CT (c) images in a
patient with adenoid cystic
carcinoma of the trachea showing
no uptake on 68Ga-DOTATOC
PET/CT scan (SUVmax 0.70).
PET (d), CT (e) and PET/CT (f)
images of the same patient
showing uptake on 18F-FDG
PET/CT scan (SUVmax 2.8)
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[19]. Kayani et al. compared the utility of 68Ga-DOTATATE
PETscan and 18F-FDG PET in evaluating 38 cases of NETand
found the former to have a higher sensitivity (82 vs 66 %) [21].
Ambrosini et al. and Haug et al. in their studies evaluating the
utility of 68Ga-somatostatin analogue PET scan and 3,4-dihy-
droxy-6-[18F]fluorophenylalanine (18F-FDOPA) PET scan
found that 68Ga-somatostatin analogue PET scan was more
sensitive than 18F-DOPA PET in detecting NET (sensitivity
96 vs 56 %) [10, 29]. Jindal et al. comparing 68Ga-DOTATOC
PETscan and 18F-FDG PETscan in the evaluation of bronchial
carcinoids found that TC showed higher uptake on 68Ga-
DOTATOC PET scan than AC, while the latter showed an
increased uptake on 18F-FDG PET/CT. The ratio of SUVmax

of 68Ga-DOTATOC PET scan to that of 18F-FDG PET was
significantly higher in TC than in AC (p<0.001) [30]. One of
the limitations in our study is that we had a low number of AC,
due to which the overall accuracy of 18F-FDG PET/CT in the
patient population of this study is low. Further studies evaluat-
ing the accuracy of both methods in a higher number of patients
with AC are warranted. Also, another limitation concerns the
accuracy of preoperative pathological assessment in three pa-
tients, which was not optimal because no post-operative sample
was available to compare with the preoperative biopsy.

We had two cases of MEC in our study (both female
patients) with a mean age of 19.50 years. In both cases of
MEC, preoperative bronchoscopic biopsy was possible and
was confirmatory for MEC. In the functional imaging with
18F-FDG PET/CT, one case was positive, while another
showed no uptake (SUVmax 4.5 and 1.2 respectively) (Fig. 3).
The reported experience of functional imaging in MECs is
limited [31, 32]. Both patients with MECs were negative on
68Ga-DOTATOC PET/CT scan (SUVmax range 1.17–1.40).

Two of the patients included in our study had a long
duration of symptoms (cough, haemoptysis with dyspnoea)
raising the suspicion of bronchial carcinoids and were found
to have tracheal tumours. One of the patients had schwannoma
and the other had adenoid cystic carcinoma of the trachea.
Nakamura et al. reported a case of bronchial schwannoma
with high uptake on 18F-FDG PET scan [33]. The
schwannoma included in our study group also showed in-
creased uptake on 18F-FDG PET/CT (SUVmax 2.1).
Schwannomas do not have somatostatin receptors and are
negative on 68Ga-DOTATOC PET/CT scan. In our study the
schwannoma also had no uptake on 68Ga-DOTATOCPET/CT
scan (SUVmax 0.80). Adenoid cystic carcinoma of the tracheo-
bronchial tree is known to show variable uptake on 18F-FDG
PET scan depending on the degree of differentiation [34]. In
our study the tumour was positive on 18F-FDG PET/CT scan
(SUVmax 2.80).

68Ga-DOTATOC PET/CT scan was negative
(SUVmax 0.70) in this patient, as these tumours lack somato-
statin receptors (Fig. 4).

Two cases in our study suspected of being bronchial carci-
noids turned out to be squamous cell carcinomas. Squamous

cell carcinomas of the tracheobronchial tree are known to
show intense uptake on 18F-FDG PET scan due to their
increased metabolic activity [34]. A similar pattern of uptake
was observed in our study with squamous cell carcinomas on
18F-FDG PET scan, with both showing positive uptake
(SUVmax 2.6–9). One patient was found to have a metastatic
lesion in the ribs. Both cases were negative on 68Ga-
DOTATOC PET/CT scan.

Conclusion

68Ga-DOTATOC PET/CT scan is an effective investigation
for the initial evaluation of pulmonary carcinoids. 68Ga-
DOTATOC PET/CT but not 18F-FDG PET/CT helps to pre-
dict histology in suspected bronchopulmonary carcinoids. A
negative 68Ga-DOTATOC PET/CT scan potentially rules out
the presence of typical pulmonary carcinoid tumour. 18F-FDG
PET/CT scan suffers from low sensitivity and specificity in
differentiating the pulmonary carcinoids from other tumours.
Further evaluation and validation of the above findings with a
larger number of patients are required to substantiate our
results. In future, prospective studies comparing 68Ga-
DOTATOC PET/CT with 18F-FDOPA PET/CT performance
in pulmonary carcinoids would be of interest.
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