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Abstract
Bronchial carcinoids (BC) are rare well-diﬀerentiated neuroendocrine tumours (NET) sub-classified into typical (TC) and atypical carcinoids (AC).
A correct pathological identification in the pre-operative setting is a key
element for planning the best strategy of care, considering the diﬀerent
biological behavior of TC and AC. Controversial results have been reported on the diagnostic accuracy of fluorine-18-fluorodeoxyglucose
positron emission tomography/computed tomography (18F-FDG PET/CT)
in BC. On the other hand, there is increasing evidence supporting the
use of PET with somatostatin analogues (dotanoc, dotatoc or dotatate)
labeled with gallium-68 (68Ga) in pulmonary NET. Based on information
obtained by using diﬀerent radiopharmaceuticals and diﬀerent 68Ga labeled somatostatin analogues in PET and PET/CT studies, we are able to
diagnose BC. In conclusion, by using somatostatin receptor imaging and
18F-FDG PET/CT scan, we can diﬀerentiate BC from benign pulmonary
lesions and TC from AC by specific diagnostic patterns. Clinical trials on
larger groups of patient would allow for a better and "tailored" therapeutic strategy in NET patients using dual-tracer PET/CT to identify BC
and distinguish between TC and AC.

Introduction
Bronchial carcinoids (BC) are rare malignant neoplasms, accounting for 2%-5% of all lung tumors, with an approximate
annual incidence of 2.3-2.8 cases per million of the population [1]. They are well-diﬀerentiated neuroendocrine tumours (NET) arising from Kulcitsky’s cells, a specialized
network of neuroendocrine cells which synthesize bioactive
amines, such as serotonin, and peptide hormones. Bronchial
carcinoids may be sub-classified into typical (TC) and atypical carcinoids (AC), the former, in contrast with the latter,
has a good to very good prognosis [2]. For the purposes of
clinical decision making, the pre-operative staging for these
tumours is crucial. While in BC, surgical resection is the goldstandard of treatment, the extension of local resection and
especially the extension of systematic lymph nodes resection are determined by cyto/histology characteristics diagnosing TC or AC [3, 4]. It has been reported that: a) the
non-anatomic resection is suggested only for peripheral TC
and not for AC and b) extended mediastinal dissection
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should be limited to cases with central TC or AC [5]. Nevertheless, especially for small peripheral BC, the overall pathology diﬀerentiation between TC and AC appears not to be
accurate. Furthermore, TC and AC share certain radiological
characteristics, thus implying that a radiological diﬀerentiation between these two entities is also not reliable [5].
Several functional imaging methods have been applied
to evaluate BC [6, 7]. The diagnostic accuracy of fluorine-18fluorodeoxyglucose positron emission tomography/computed tomography (18F-FDG PET/CT) has been reported to
be non-optimal for assessing BC [8], due to the usually low
growth of these tumours in particular if compared to more
aggressive pulmonary NET such as large-cell and small-cell
carcinomas [9]. A recent retrospective study reported that
AC usually show a higher 18F-FDG uptake compared to TC
due to the more aggressive behavior of AC. This study
showed that a size of ≥3.5cm and maximal standardized uptake value (SUVmax) of ≥6 had a predictive value of >95%
for malignant histology [10]. Furthermore, 18F-FDG PET/CT
may provide useful prognostic information in patients with
lung NET, because high SUVmax values are related with poor
prognosis and short survival [9].
Due to the high expression of somatostatin receptors on
the cell surface of BC, somatostatin receptor imaging has
been widely used in the diagnosis, staging and restaging of
these tumours [11-15]. Indium-111-pentetreotide (111In-P) is
the radiolabelled somatostatin analogue most widely used
for assessing NET [11]. Scintigraphy by hybrid single photon
emission tomography (SPET)/CT using this radiopharmaceutical in patients with BC showed a diagnostic accuracy
of >90% [11-13].
To date, there is increasing evidence supporting the use
of PET with somatostatin analogues (dotanoc, dotatoc or
dotatate) labeled with 68Ga in BC [14, 15]. A recent metaanalysis demonstrated that PET using 68Ga labeled somatostatin analogues is quite accurate in evaluating thoracic NET,
including 83 BC cases. With this technique the administered
dose=2-2.5MBq/kg; and the uptake time:60±10min after
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tracer injection, has been demonstrated to be superior compared to 111In-P, due to the superior spatial resolution of PET
compared to SPET [15]. Nevertheless, there are about 5%10% false negative results at somatostatin receptor imaging,
which may be due to BC with low (up to absent) expression
of somatostatin receptors. Inflammatory lesions may also
cause false positive results due to the high expression of somatostatin receptors on the cell surfaces of the inflammatory cells [15].
By using diﬀerent 68Ga somatostatin analogues and 18FFDG, PET preliminary results showed the usefulness of dualtracer PET/CT in diagnosing BC [16-18].
In their retrospective study Kayani et al. (2009) compared
68
Ga-dotatate and 18F-FDG PET/CT in 11 TC and 2 AC patients
with pulmonary NET, scanning them for staging or restaging. The TC patients showed higher and more selective uptake of 68Ga-dotatate than of 18F-FDG. On the other hand, AC
showed less 68Ga-dotatate but good 18F-FDG-avidity. No
false-positive uptake of Ga-dotatate was reported in this
study, but there were 3 sites of false-positive uptake of 18FFDG due to inflammation [16].
Other researchers evaluated retrospectively 13 TC and 7
AC patients by 18F-FDG PET/CT and 68Ga-dotatoc. Six cases
of TC failed to reveal a significant 18F-FDG uptake. The other
7 TC had low SUVmax (2.6-3.2). Thus, the overall detection
rate of 18F-FDG PET/CT for TC was only 54%. All AC cases revealed significant uptake on 18F-FDG PET/CT (detection rate:
100%). The SUVmax ranged from 2.9 to 8.4 (median SUVmax: 5.9). On the other hand, all TC cases revealed significant uptake on 68Ga-dotatoc PET/CT (detection rate, 100%)
with SUVmax from 8.80 to 66 (median SUVmax: 33). As for
the AC cases, one AC did not reveal any significant uptake
on 68Ga-dotatoc PET/CT thus the detection rate of 68Ga-dotatoc PET/CT for AC was 86% and the SUVmax ranged from
1.1 to 18.5 (median SUVmax: 10.3) [17].
By using somatostatin receptor imaging and 18F-FDG
PET/CT, BC are usually reliably diﬀerentiated from benign
pulmonary lesions, except in the rare case of BC with simul-

Figure 2. Radiometabolic pattern for AC. Increased uptake (A and B) and moderate
or low uptake of radiolabeled somatostatin analogues (C and D) as studied by CT
on the left and by 18F-FDG PET on the right side. (Images from IRCCS, Arcispedale, Santa
Maria, Nuova,Regio, Emilia, Italy)

taneous low or absent somatostatin receptor expression
and low glucose metabolism. Furthermore, specific dual
tracer PET patterns appear to be useful in diﬀerentiating TC
from AC. Based on data from medical literature, the most
frequent pattern for TC at dual tracer PET/CT imaging is increased uptake of radiolabeled somatostatin analogues and
low or absent uptake of 18F-FDG (Fig. 1). Conversely, AC usually present increased 18F-FDG uptake with low or, less frequently, moderate uptake of radiolabeled somatostatin
analogues (Fig. 2) [16-19].
If the ability of dual-tracer PET/CT in distinguishing between TC and AC will be finally confirmed, it could allow for
a better and "tailored" therapeutic strategy in these patients.
In this setting, we are planning in the future a multicentric
retrospective study analysis.
It should be noted that other PET tracers beyond 18F-FDG
and 68Ga somatostatin analogues can be used in the assessment of BC, like carbon-11-hydroxytryptophan (11C-HTP)
and fluorine-18-dihydroxyphenylalanine (18F-DOPA). Reports about the use of these tracers in BC are few [20-22].
Some recent PET studies also refer to the functional characteristics of BC tumours [23-25] and also of gastrointestinal
paraganglioma and of medullary thyroid carcinoma.
In conclusion, the use of 18F-FDG and labeled somatostatin
analogues in the same patient may provide additional information in assessing BC. However, this strategy is expensive and more work needs to be done before its introduction
into clinical practice.
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Figure 1. Metabolic pattern for TC, in CT (A and C) and in PET scans (B and D). Increased uptake of radiolabeled somatostatin analogues (A-B) and low or absent
uptake of 18F-FDG (C-D). (Images from IRCCS, Arcispedale, Santa Maria, Nuova, Regio,
Emilia, Italy)

8

Hellenic Journal of Nuclear Medicine

• January - April 2014

Bibliography
1. Morandi U, Casali C, Rossi G. Bronchial typical carcinoid tumors.
Semin Thorac Cardiovasc Surg 2006; 18: 191-8.

www.nuclmed.gr

Editorial

2. Fink G, Krelbaum T, Yellin A et al. Pulmonary carcinoid: presentation,
diagnosis, and outcome in 142 cases in Israel and review of 640
cases from the literature. Chest 2001; 119: 1647-51.
3. Johnson R, Trocha S, McLawhorn M et al. Histology, not lymphnode involvement, predicts long-term survival in bronchopulmonary
carcinoids. Am Surg 2011; 77: 1669-74.
4. Rizzardi G, Marulli G, Bortolotti L et al. Sleeve resections and bronchoplastic procedures in typical central carcinoid tumours. Thorac
Cardiovasc Surg 2008; 56: 42-5.
5. Okoye CC, Jablons DM, Jahan TM et al. Divergent Management
Strategies for Typical Versus Atypical Carcinoid Tumors of the Thoracic Cavity. Am J Clin Oncol 2013 doi: 10.1097/COC.0b013e31827a7f6d
6. Souftas VD, Chatzistefanou A. Currently applied cross-sectional diagnostic modalities and imaging guided interventional modalities for treatment of neuroen docrine tumors. Hell J Nucl Med 2011;
14: 213-8.
7. Jindal T, Kumar A, Dutta R et al. Molecular imaging of carcinoid. Hell
J Nucl Med 2009; 12: 168-9.
8. Daniels CE, Lowe VJ, Aubry MC et al. The utility of fluorodeorodeoxyglucose positron emission tomography in the evaluation of carcinoid
tumours presenting as pulmonary nodules. Chest 2007; 131: 255-60.
9. Chong S, Lee KS, Kim BT et al. Integrated PET/CT of pulmonary neuroendocrine tumours: diagnostic and prognostic implications. Am
J Roentgenol 2007; 188:1223-31.
10. Moore W, Freiberg E, Bishawi M et al. FDG-PET imaging in patients
with pulmonary carcinoid tumor. Clin Nucl Med 2013; 38: 501-5.
11. Gerasimou G, Moralidis E, Gotzamani-Psarrakou A. Somatostatin receptor imaging with 111In-pentetreotide in gastrointestinal tract and lung neuroendocrine tumors Impact on targeted
treatment. Hell J Nucl Med 2010; 13: 158-62.
12. Tranfaglia C, Cardinali L, Gattucci M et al. 111In-pentetreotide SPET/
CT in carcinoid tumours: is the role of hybrid systems advantageous
in abdominal or thoraracic lesions? Hell J Nucl Med 2011; 14: 274-7.
13. Castaldi P, Rufini V, Treglia G et al. Impact of 111In-DTPA-octreotide
SPECT/CT fusion images in the management of neuroendocrine tumours. Radiol Med 2008; 113: 1056-67.
14. Pagou M, Zerizer I, Al-Nahhas A. Can gallium-68 compounds partly
replace 18F-FDG in PET molecular imaging? Hell J Nucl Med 2009;
12: 102-5.

www.nuclmed.gr

15. Treglia G, Castaldi P, Rindi G et al. Diagnostic performance of Gallium-68 somatostatin receptor PET and PET/CT in patients with thoracic and gastroenteropancreatic neuroendocrine tumours: a metaanalysis. Endocrine 2012; 42: 80-7.
16. Kayani I, Conry BG, Groves AM, et al. A comparison of 68 GaDOTATATE and 18F-FDG PET/CT in pulmonary neuroen docrine tumors. J Nucl Med 2009; 50: 1927-32.
17. Jindal T, Kumar A, Venkitaraman B et al. Evaluation of the role of
[18F]FDG-PET/CT and [68Ga]DOTATOC-PET/CT in diﬀerentiating typical and atypical pulmonary carcinoids. Cancer Imaging 2011; 11: 70-5.
18. Taralli S, Treglia G, Perotti G et al. A rare case of synchronous bilateral pulmonary neuroendocrine tumor detected by 68Ga-DOTANOC
PET/CT. Clin Nucl Med 2012; 37: e91-4.
19. Paci V, Lococo F, Rapicetta C et al. Synchronous bilateral bronchial
carcinoid diagnosed with combined dual tracer (18F-FDG and 68GaDOTATOC) PET/CT scans. Rev Esp Med Nucl Imagen Mol 2013;
http://dx.doi.org/10.1016/j.remn.2013.08.007
20. Treglia G, Lococo F, Petrone G et al. Pulmonary neuroendocrine
tumor incidentally detected by 18F-CH-PET/CT. Clin Nucl Med 2013;
38: e196-99.
21. Wahlberg J, Ekman B. Atypical or typical adrenocorticotropic hormone-producing pulmonary carcinoids and the usefulness of 11C5-hydroxytryptophan positron emission tomography: two case reports. J Med Case Rep 2013; 7: 80.
22. Rufini V, Treglia G, Montravers F et al. Diagnostic accuracy of [18F]
DOPA PET and PET/CT in patients with neuroendocrine tumors: a
meta-analysis. Clin Transl Imaging 2013; 1: 111-22.
23. Treglia G, Giovanella L. Could 68Ga-somatostatin analogues replace
other PET tracers in evaluating extra-adrenal paragangliomas? Eur
J Nucl Med Mol Imaging 2013; 40(12): 1797-9.
24. Treglia G, Plastino F, Campitiello M. Staging and treatment response
evaluation in a metastatic neuroedocrine tumor of the pancreas
with G2 grading: in sights from multimodality diagnostic approach
by F-18-FDG and Ga-68-DOTANOCPET/CT. Endocrine 2013; 43: 729-31.
25. Treglia G, Castaldi P, Villani MF et al. Comparison of 18F-DOPA, 18FFDG and 68Ga-somatostatin analogue PET/CT in patients with recurrent medullary thyroid carcinoma. Eur J Nucl Med Mol Imaging
2012; 39: 569-80.

Hellenic Journal of Nuclear Medicine

• January - April 2014

9

