
Abstract. Aim: We evaluated somatostatin receptor
scintigraphy (SRS) with 111In-pentetreotide incremental
value in pulmonary carcinoid (PC) diagnosis compared to
contrast enhanced Computed Tomography (ceCT). Patients
and Methods: We enrolled 81 patients with ascertained PC,
39 at initial staging and 42 in follow-up; the primary tumor
had already been excised in 68 cases. Single Photon
emission Computed Tomography (SPECT) images were
reconstructed with the iterative method and fused with non-
enhanced Computed tomography (CT) images. Results:
Primary PC or metastatic lesions were ascertained in 55/81
patients and SPECT/CT was positive in 50/55 cases, while
ceCT was positive in 44/55. Comparing SPECT/CT with
ceCT results, we found a sensitivity of 96 vs. 87.5%, and
specificity of 92% vs. 97% for the detection of primary lesion
or recurrent disease. A total of 198 lesions were ascertained
at SPECT/CT, while 161 at ceCT, with values of sensitivity
and specificity of 85.5% and 84.6% for SRS and 75.2% and
90.5% respectively. Conclusion: 111In-Pentetreotide
SPECT/CT proved to be more sensitive and accurate than
ceCT, thus enhancing its role in evaluating patients with PC. 

Neuroendocrine tumors (NETs) represent a heterogeneous
group of tumors arising from neuroendocrine cells and have
usually been classified on the basis of their embryonic
origin as tumors of the foregut (as in the case of lung and
pancreatic NETs), midgut or hindgut (1). The World Health
Organization (WHO) has developed a classification system
for NET reflecting a better understanding over cell biology,
therapeutic implications, and pathology. In particular, three

types of NETs have been defined: (i) well-differentiated
NET (benign behaviour, low grade), (ii) well-differentiated
neuroendocrine carcinoma (low grade, malignant), and (iii)
poorly differentiated neuroendocrine carcinoma (high
grade, malignant) (1). 

One of the main characteristics of these tumors is the
expression on cell membrane of somatostatin receptors and, in
particular, as far as pulmonary carcinoid (PC) is concerned,
~70% tumors express these receptors (2, 3). PCs are thought
to derive from enterochromaffin or Kulchitsky cells located in
the bronchial mucosa (4) and are reported to account for
approximately ~15-25% of all NETs (5), representing ~2% of
all lung cancer (6). The clinical presentation of this tumor is
usually insidious (non-specific symptomatology such as
recurrent pneumonia, hemoptysis, cough, and chest pain) or
absent at early stages (especially for peripheral tumors) (7),
and with conventional imaging modalities (CI), such as
contrast-enhanced computed tomography (ceCT), it is often
characterized by non-specific patterns of imaging (7). 111In-
pentetreotide has, therefore, been proposed for diagnostic
imaging of NETs due to its binding to somatostatin receptors,
thereby allowing the in vivo evaluation of NETs (8-10). 111In-
pentetreotide in fact binds somatostatin receptors sub-types
SST2 and SST5 that are expressed in some NETs (8, 11). 

To date, few studies have been carried out in order to
evaluate the diagnostic accuracy of scintigraphy with 111In-
pentetreotide (SRS) for the detection of PC, most including
fewer than 30 individuals (12-16). In these studies, the
sensitivity for SRS in the detection of primary lesion ranged
from 63% (12) to 90% (13), with lower values being
detected in a study performed on a large cohort with small
cell lung cancer (12). Moreover, Genestreti et al. reported
lower sensitivity and specificity of SRS compared to CIin the
detection of nodal and distant metastases (with values of
51% and 100%, and of 23% and 91%, respectively) (12). On
the other hand, others showed a significant increase of the
diagnostic accuracy of SRS, with a detection of occult
lesions in ~20% of the population examined (16). 
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The aim of our study was to investigate the diagnostic
performance of SRS compared to ceCT in a large cohort of
patients with pulmonary NETs.

Patients and Methods

Patients. Informed consent was obtained from all of the patients, in
accordance with the Declaration of Helsinki Declaration of 1975,
as revised in 2008 (3), and the present study was in accordance with
the ethical standards of the local Ethical Committee. 

111In-pentetreotide SRS was performed in 81 patients with PC
(51 men and 30 women, mean age=68±12 years). Of them, 34
were evaluated at staging (15 men and 19 women, mean age=65±9
years) and 42 (36 men and 11 women, mean age=70±10 years )
during follow-up. The primary tumor was excised in 68 of the
patients examined. 

Eighty-five percent (n=69) patients had a history of habitual
cigarette smoking. The level of serum carcinoembryonic antigen
was increased in 49% of the patient (40 subjects). An elevation of
the level of serum neuron-specific enolase and pro-gastrin-releasing
peptide was found in 15 (19%) and in 26 (32%) of 81 patients
respectively. No evidence of paraneoplastic syndrome was found in
any of the 81 patients at the presentation. The stage of the 81
patients, according to the UICC staging system, assessed with both
postoperative (when applicable) and pre-operative imaging data was
as follows: IA, 10; IB, 11; IIA, 22; IIB, 14; IIIA, 2; IIIB, 15; and IV,
7. The operative mode performed was as follows: pneumonectomy,
6 patients; bilobectomy, 15 patients; lobectomy, 33 patients; and
limited resection, 14 patients. A complete mediastinal lymph node
dissection was performed in 44 (65%) patients, and mediastinal
lymph node metastasis was found in 12 (28%) of these patients.

At the time of imaging, all the 42 patients evaluated during
follow-up were subjected to standard chemotherapy (from three to a
maximum of six cycles), alone or combined with radiotherapy
before 111In-pentetreotide SRS. All the patients were subjected to
ceCT prior to SRS. Surgical resection when applicable, biopsy, or
the confirmation of the same lesion by any imaging procedure that
was performed within 6 months of the 111In-pentetreotide SRS were
considered as the gold standard (Table I).

111In-Pentetreotide SRS. In agreement with the procedural
guidelines for neuroendocrinFe tumor imaging (9), SRS with 111In-
pentetreotide was performed 6 h and 24 h in all those enrolled in
the study after the intravenous administration of 10 μg of
pentetreotide labeled with 185 MBq (±11 MBq) of 111In. 

Imaging consisted of total-body planar imaging in both
anterior and posterior views. For every segment of the body,
detailed planar images in a 128×128 matrix were performed.
Single photon-emission tomography (SPECT) was also acquire by
means of a dual head gamma camera including a low-dose x-ray
tube (Infinia; GE Medical Systems, Powell, TN, USA), equipped
with medium-energy high resolution collimators. SPECT studies
were acquired using the following parameters: 128×128 matrix,
120 projections (rotation of 360˚), 40 s per projection. The slice
thickness was 4.42 mm. Reconstruction was performed by means
of Ordered Subsets Expectation Maximization algorithm with two
iterations and 40 subsets. A co-registered low-dose CT (120 kV;
40 mA) without contrast media administration was performed for
the anatomical localization of functional data. To minimize the
incidence of potential artifacts in the bowel, we administered a
mild oral laxative the day before the injection and during the
day(s) of imaging.
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Table I. Results for sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) for Somatostatin Receptor
Scintigraphy (SRS)[planar imaging plus Single Photon Emission
Computed Tomography/Computed Tomography (SPECT/CT) and
contrast enhanced CT (ceCT)]. 

Detection of primary SRS(planar imaging, ceCT
tumor or recurrence SPECT and SPET/CT)

Sensitivity (%) 96% 87.5%
Specificity (%) 92.6% 97%
PPV (%) 94.1% 97.7%
NPV (%) 95% 85.7%
Lesion-based analysis
Sensitivity (%) 85.5% 75.2%
Specificity (%) 84.6% 90.5%
PPV (%) 96.4% 97%
NPV (%) 50% 42%

Table II. Results for the detection of illness or recurrence for
Somatostatin Receptor Scintigraphy (SRS) and constrast enhanced CT
(ceCT) modalities compared to the gold-standard (see Materials and
Methods section) for the different populations examined according to
biopsy or follow-up data. Lesion-based analysis for both imaging
modalities are also reported. 

SRS N

TP 48
FP 3
TN 38
FN 2

CI

TP 42
FP 1
TN 36
FN 6

SRS (lesion-based analysis) n=198 in 50 patients

TP 188
FP 6
TN 33
FN 32

CI (lesion-based analysis) n=161 in 44 patients

TP 158
FP 4
TN 38
FN 52

TP: True-positive; FP: false-positive; TN: true-negative; FN: false-
negative results.



Image analysis. Single Photon Emission Computed Tomography/
Computed Tomography (SPECT/CT) images were reviewed by two
nuclear physicians (O.S and A.S.) at the applicable dedicated
workstation (Xeleris 2; GE Healthcare, Fairfield, CT, USA) for
static and dynamic acquisition respectively, which allows
visualization of SPECT and CT images separately or in fusion mode
in the axial, coronal, and sagittal planes. Pathological uptake was
considered when an area of focal tracer uptake superior to the
background of the surrounding tissues was visually detected. The
physicians were required to mark the presence or absence of disease
or recurrent disease in the primary site or in lymph nodes, liver and
bone as well (for a region based analysis) and the number of lesions
detected in these sites (lesion based analysis).

As proposed in another similar report of our group (where the
performance of different imaging modalities was evaluated (17)), a
datasheet was then generated including the SRS results (planar
scintigraphy or SPECT and SPECT/CT) versus the results of ceCT,
as shown in Table I.

Statistical analysis. Sensitivity (number of true positives/ (number
of true positives+number of false negatives), specificity (number of
true negatives /(number of true negatives+number of false positives),
positive predictive value (PPV) (number of true positives/ (number

of rue positives+number of false positives) and negative predictive
value (NPV) (number of true negatives/(number of true negatives+
number of false negatives) were computed for both SRS (including
planar scans and SPECT) and SPECT/CT and for ceCT. Agreement
between techniques was studied with the k-statistic. In order to
investigate the impact of a history of previous treatment (surgery,
chemotherapy or radiotherapy), gender and age on the results of
planar SRS, SPECT/CT and ceCT, two-way ANOVA was performed.
Differences in the number of lesions detected by means of SRS and
ceCT were examined by means of Fisher’s exact test. A hypothesis
was considered valid when the p-value was 0.05 or less.

Results

A history of previous treatment, gender and age did not
affect the results of functional and morphological imaging
respectively (p>0.05 in Two-Way Anova Test). When
evaluating the results of SRS imaging, SPECT/CT provided
more information than SPECT in 18/50 (36%) cases,
correctly localizing lesion anatomical sites and determining
the involved organ and lesion relationship with adjacent
structures in 10 unclear cases, excluding malignancy in sites
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Figure 1. A 69-year-old male patient with pulmonary carcinoid definitively diagnosed by percutaneous biopsy. Diagnostic computed tomographic
(CT) scan showed a mass of 67×55 mm in the inferior ilar region of the right lung (A) and numerous metastatic lesions in the liver (III-IV-VI
segments) (B). Single Photon Emission Computed Tomography/Computed Tomography (SPECT/CT) revealed a wide area of increased tracer uptake
in the right lung corresponding to the aforementioned mass (C) and confirming metastases in liver (D). SPECT/CT also identified small metastases
of the thoracic spine and rib (E), occult at CT (F), thus indicating worsening disease prognosis. 



reported as positive in three patients, while revealing
unsuspected mediastinal or bone metastases in five cases.

111In-Pentetreotide SRS versus ceCT in the detection of
primary tumor or recurrence. 111In-Pentreotide SRS and
SPECT/CT were positive for the detection of primary tumor
or recurrence in 50 out of the 81 patients examined (62%),
while ceCT detected the disease in 44 patients (54%).
Differences did not reach statistical significance (p=0.33
with Fisher’s Exact Test). 

On the basis of follow-up data, 48 out of the 50 patients with
positive findings at SRS were true positives, while in two 111In-
pentreotide uptake was not detected and follow-up imaging
showed disease progression (liver metastases). A total of 38
patients with negative findings at SRS were true- negatives,
while three were shown to be false-positive findings (lung
uptake due to pneumonia or inflammation due to radiotherapy).

As far as the results of ceCT are concerned, 42 out of the 44
patients with positive ceCT findings were true-positives, while
six were shown to have false-negative findings (metastatic
disease in bones). A total of 36 patients were true-negatives,
while only one was a false-positive on ceCT at follow-up
imaging (post-radiotherapy consolidation in the lung). We found
a good agreement when comparing the results of SRS and
SPECT/CT with those of CT (k=0.849). Results for sensitivity,
specificity, PPV and NPV were higher for functional imaging
as compared to ceCT, as reported in Table II.

111In-pentetreotide SRS versus ceCT in lesion based analysis.
As shown in Table I, SRS detected more lesions compared to
ceCT (198 vs. 161, p<0.01in Fisher’s Exact Test) with most
of the lesions with negative on ceCT being detected in bone
marrow, in 62% of the cases (an example is shown in Figure
1), and mediastinal normal sized lymph nodes (22.3%) and
cervical lymph nodes (15.7%). In agreement with follow-up
data, SRS was truly positive in 188 cases (or the 198 lesions
detected) (95%), falsely positive for six lesions (mediastinal
lymph nodes) and falsely negative for 32 lesions (22 lesions
in the liver, 10 mediastinal lymph nodes ≤1 cm and two
pulmonary nodules in the inferior lobe).

On the basis of follow-up data, out of the 161 lesions detected
by ceCT, 158 were true-positives (98%), four were false-positive
(three dense bone lesions and one lymph node) while 58 were
false-negatives (72% of these lesions were located in bones, 22%
in the lung and 8% in lymph nodes) (see Table II). 

Reports for sensitivity, specificity, PPV and NPV in a
lesion-based analysis are reported in Table II.

Discussion

One of the main findings of our study is the higher
sensitivity of SRS compared to ceCT for the detection of
disease at staging or during follow-up. Moreover a higher

number of lesions were detected by means of SRS compared
to ceCT (Tables I and II). Our findings are in agreement with
those of other similar reports in this field that evaluated the
performance of SRS in the detection of NETs (18-21). The
overexpression on the cell surface of SSR2 and SSR3 in
most NETs (2, 22) allows for higher diagnostic accuracy of
SRS compared to other imaging modalities, especially for
the ability of SRS to detect occult metastases in sites which
were previously unsuspected or not recognized with other
imaging modalities (23).

On the other hand, CI and especially ceCT, allow for
detection of diseased sites and can be considered as the
mainstay of abdominal imaging of NETs. The main
advantage of ceCT as compared to SRS is the high spatial
and contrast resolution of these imaging modalities that
allows the detection of small lesions located along the bowel.
Moreover, it provides the possibility for accurate evaluation
of parenchyma (especially the liver) by means of triple-phase
ceCT after contrast administration, allowing the detection of
both hyper vascular (more frequent) and hypovascular liver
metastases from NETs (24). 

SRS suffers, as most imaging modalities based on
gamma-emitter isotopes, from a low spatial resolution
(usually ~1 cm) (25), and long acquisition timings (25)
(that do not allow correct identification of lesions located
in moving areas such as the bowel and the diaphragm).
When the target of imaging is the thorax or fixed structures
such as mediastinal lymph nodes, the limitations of SRS are
less significant and this could partially explain the better
performance of SRS compared to ceCT in our study. Only
two patients in fact had liver lesions that were not
detectable by SRS due to the high uptake of this tracer in
this organ (26). 

Three out of the 50 patients with a positive SRS had
increased 111In-pentetreotide uptake in the lung due to
radiotherapy treatment. This aspect is of main importance
when evaluating the results concerning specificity, where
SRS performed worse than ceCT (92.6% vs. 97%). An
increased uptake of 111In pentetreotide in regions that have
been treated with radiotherapy is well-known (27) and,
considering that in our study a history of previous treatment
did not affect the results of the imaging procedure, this
finding suggests that a history of medical treatment
(especially radiotherapy) should be considered carefully
when evaluating SRS.

In disagreement with the results of our study, in the
already cited report of Genestreti et al., a lower
performance of SRS compared to ceCT was found (12). In
particular, the authors reported a sensitivity and specificity
of 63% and 100%, respectively, and an NPV and PPV of
14% and 100%, respectively, that are significantly lower
as compared to those of our study (Tables I and II) (12).
Interestingly the authors concluded that one of the reasons
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for the poor performance of SRS resides in the low
expression of SST2 receptors in the tumors of the patients
examined in their study (especially for metastatic disease,
where lesions may represent a more aggressive, de-
differentiated phenotype of the primary smell cell lung
cancer tumor cell, not expressing SST2 receptors, or due
to chemotherapy that could reduce the membranous
expression of SST receptors) (12). 

The discrepancies of our results from those of
Genestreti et al. could be explained by a higher expression
of SST receptors in our series that allowed the detection
of more lesions by SRS as compared to ceCT. As the
retrospective design of the present study did not consider
a detailed immunohistochemical analysis of the lesions
detected by SRS, this hypothesis is only speculative. The
present study achieved its aim in evaluating the
performance of SRS in patients with NETs of the lung
during various stages of treatment compared to ceCT;
however, the impact of SST receptor expression was only
considered post hoc. Thus, the lack of a detailed
immunohistochemical analysis is an evident limitation of
the present study. 
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