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Abstract: Pulmonary carcinoids (PCs) are part of a spectrum of well-differentiated neuroendocrine
neoplasms (NENs) and are classified as typical carcinoid (TC) and atypical carcinoid (AC). TC differ
from AC not only for its histopathological features but also for its “functional imaging pattern” and
prognosis. ACs are more undifferentiated and characterized by higher aggressiveness. Positron
emission tomography/computed tomography (PET/CT) with somatostatin analogs (SSA) labeled
with Gallium-68 (68Ga-DOTA-TOC, 68Ga-DOTA-NOC, 68Ga-DOTA-TATE) has widely replaced
conventional imaging with gamma camera using 111In- or 99mTc-labelled compounds and represents
now the gold standard for diagnosis and management of NENs. In this setting, as already described
for gastro-entero-pancreatic NENs, 18F-Fluorodeoxiglucose ([18F]FDG) in addition to 68Ga-SSA can
play an important role in clinical practice, particularly for ACs that show a more aggressive behavior
compared to TCs. The aim of this systematic review is to analyze all original studies collected from
the PubMed and Scopus databases regarding PCs in which both 68Ga-SSA PET/CT and [18F]FDG
PET/CT were performed in order to evaluate the clinical impact of each imaging modality. The
following keywords were used for the research: “18F, 68Ga and (bronchial carcinoid or carcinoid
lung)”. A total of 57 papers were found, of which 17 were duplicates, 8 were reviews, 10 were case
reports, and 1 was an editorial. Of the remaining 21 papers, 12 were ineligible because they did not
focus on PC or did not compare 68Ga-SSA and [18F]FDG. We finally retrieved and analyzed nine
papers (245 patients with TCs and 110 patients with ACs), and the results highlight the importance of
the combined use of 68Ga-SSA and [18F]FDG PET/CT for the correct management of these neoplasms.

Keywords: pulmonary carcinoid; typical carcinoid; atypical carcinoid; [18F]FDG; 68Ga-SSA

1. Introduction

Pulmonary carcinoids (PCs) are rare malignant neoplasms being part of well-differenti-
ated pulmonary neuroendocrine neoplasia (NEN) arising from stem cells of the bronchial
epithelium known as Kulchitsky cells [1]. Even though in the majority of cases NENs
arise at the gastroenteropancreatic level, PCs are the second most frequent location and
represent about 25% of primary lung neoplasm with an approximate annual incidence of
2.3–2.8 cases per million [2]. No age and sex prevalence have been reported, and neither
external environmental toxin or other risk factors have been detected [3]. PCs can be
classified into two categories according to histological features: typical carcinoids (TCs)
are well-differentiated, low-grade (less than two mitoses per 2 mm2), absence of necro-
sis and less aggressive; by contrast, atypical carcinoids (ACs) are poorly differentiated,
intermediate-grade (more than two mitoses per 2 mm2) and necrosis is potentially present.
These different histological patterns are strictly correlated with prognosis [4]. Typical carci-
noids (TCs) have a good prognosis as a result of less aggressive behavior, while atypical
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carcinoids (ACs) are more aggressive at diagnosis with a higher risk of lymph node and
distant metastases [5].

Based on histological features, approximately 60 to 80% of PCs share the unique
feature of over-expressing somatostatin receptors (SSTR), particularly in lower grade
lesions characterized by low Ki-67 proliferation index [6]. During the gradual progression
of carcinogenesis NENs may show a dedifferentiation with development of more aggressive
tumor cell clones. This behavior, results in a loss of somatostatin receptors and utilization of
glucose metabolism that correlates with a worse prognosis. Although final diagnosis of PCs
is made through histopathologic examination, nonetheless, non-invasive imaging methods
can provide information aiding in the prediction of the histopathologic subtype of carcinoid
and reliably guide the patient management and invasiveness of surgery [7]. In this context,
nuclear medicine plays a crucial role in the characterization of these neoplasms.

In this systematic review we analyze all papers published on both TCs and ACs
studied by both [18F]FDG and 68Ga-SSA PET/CT, focusing on the impact of their combined
use in clinical practice.

2. Materials and Methods
2.1. Search Strategy

We followed the Preferred Reporting Items for Systematic Reviews and Meta-Analysis
(PRISMA) method [8], and the search was carried out in the following databases: PubMed
(Medline) and SCOPUS. The search terms used were as index terms or free-text words,
and the complete strategy was as follows: “18F, 68Ga AND (bronchial carcinoid or carci-
noid lung”.

2.2. Data Collection

Basic information about studies (authors, publication year, country of study, study
design, patients’ characteristics, and technical aspects) was collected.

Two researchers independently reviewed the retrieved papers. Only original articles
in English up till 2022 were included. In case of disagreements between researchers
when reviewing abstracts, articles were included in the full-text review phase for a final
evaluation. The references of all selected articles were also manually reviewed to identify
any potentially omitted publications.

The PRISMA checklist was used for quality control of the systematic review.
The study protocol was registered in the International Prospective Register of System-

atic Reviews (PROSPERO).

3. Results
3.1. Search Results

We found 37 papers in Scopus and 20 in PubMed. Out of these 57 papers, 17 were
duplicates, 8 were reviews, 10 were case reports, and 1 was an editorial. Of the remaining
21 papers, 12 were ineligible because they did not focus on PC or did not compare 68Ga-
SSA and [18F]FDG (Figure 1). We carefully read the remaining nine papers, searching for
additional papers in their references.

Results are summarized in Tables 1 and 2.
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Table 1. Characteristics of selected publications.

Reference Patients Research Type Histology Radiopharmaceuticals

Kayani I et al. [9] 13 Retrospective 11 TC, 2 AC 68Ga-DOTA-TATE and [18F]FDG

Jindal T et al. [7] 20 Retrospective 13 TC, 7 AC 68Ga-DOTA-TOC and [18F]FDG

Venkitaraman B et al. [10] 26 Prospective 21 TC, 5 AC 68Ga-DOTA-TOC and [18F]FDG

Lococo F et al. [11] 33 Retrospective 23 TC, 10 AC 68Ga-DOTA-TATE/NOC/TOC and [18F]FDG

Lococo F et al. [12] 62 Retrospective 55 TC, 7 AC 68Ga-DOTA-TOC and [18F]FDG

Komek H et al. [13] 20 Retrospective 13 TC, 7 AC 68Ga-DOTA-TATE and [18F]FDG

Zidan L et al. [14] 56 Retrospective 22 TC, 34 AC 68Ga-DOTA-TATE and [18F]FDG

Deleu AL et al. [15] 64 Retrospective 52 TC, 12 AC 68Ga-DOTA-TATE/TOC and [18F]FDG

Albano D et al. [16] 61 Retrospective 35 TC, 26 AC 68Ga-DOTA-TATE and [18F]FDG

Table 2. Summary of the 9 publications on pulmonary carcinoids studied with both 68Ga-SSA and
[18F]FDG.

Title Comments and Conclusions Reference

A comparison of 68Ga-DOTA-TATE and
[18F]FDG in pulmonary neuroendocrine tumors

Role of combined imaging with
68Ga-DOTA-TATE and [18F]FDG in PCs,

correlating uptake values with metabolic grade
and histology (TCs vs. ACs)

Kayani I et al. [9]

Evaluation of the role of [18F]FDG and
68Ga-DOTA-TOC in differentiating typical and

atypical pulmonary carcinoids

The analysis of tumor uptake parameters on
[18F]FDG and 68Ga-DOTA-TOC was able to

differentiate between typical and
atypical carcinoids

Baudin E et al. [7]

The diagnostic and prognostic role of combined
[18F]FDG and 68Ga-DOTA-peptides in primary

pulmonary carcinoids: a multicentric experience

Importance of dual tracer approach with
68Ga-DOTA-TATE and [18F]FDG to stratify

patients in order to predict histological results
(TC or AC) and give prognostic information

Albano D et al. [16]
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Table 2. Cont.

Title Comments and Conclusions Reference

Multicenter comparison of [18F]FDG and
68Ga-DOTA-peptide for pulmonary carcinoid

DR evaluation of 68Ga-DOTA-peptide and
[18F]FDG in PC, with proposal of some

semi-quantitative parameters to distinguish
between TCs and ACs

Lococo F et al. [11]

Diagnostic performances of 68Ga-DOTA-TOC
versus 18Fluorodeoxyglucose positron emission
tomography in pulmonary carcinoid tumors and

interrelationship with histological features

Diagnostic ability of [18F]FDG and
68Ga-DOTA-TOC in PCs and correlation of the

results with histopathology after surgery
Lococo F et al. [12]

Comparison of [18F]FDG and 68Ga-DOTA-TATE
imaging methods in terms of detection of

histological subtype and related SUVmax values
in patients with pulmonary carcinoid tumors

Combined use of 1[18F]FDG and
68Ga-DOTA-TATE in patients with PCs; DR

analysis with a focus on histological prediction
(TC vs. AC)

Komek H et al. [13]

Value of 68Ga-somatostatin in the grading of
pulmonary neuroendocrine (carcinoid) tumors

and the detection of disseminated disease:
single-center pathology-based analysis and

review of the literature

Importance of dual tracer approach to
differentiate between ACs and TCs, highlighting

the excellent performance of SSTR PET/CT to
detect nodal and distant metastases confirmed

by pathological analysis

Deleu AL et al. [15]

Role of 68Ga-DOTA-TOC in initial evaluation of
patients with suspected

bronchopulmonary carcinoid

Showing the superior diagnostic performance of
68Ga-DOTA-TOC compared to [18F]FDG in
patients with suspect PC, and correlation

with histopathology

Venkitaraman B et al. [10]

Theranostic implications of molecular imaging
phenotype of well-differentiated pulmonary

carcinoid based on 68Ga-DOTA-TATE
and [18F]FDG

Introducing some scores to define tumor
heterogeneity thanks to the combined approach
with [18F]FDG and 68Ga-DOTA-TATE, in order

to have the optimal selection of patients with PC
suitable for PRRT

Zidan L et al. [14]

3.2. Radiological Imaging of Pulmonary Carcinoids

Differential diagnosis of solid pulmonary nodules is always a radiological challenge.
Despite being substantially different for histological pattern and a prognosis rarely seen in
morphological features, such as regular margins and calcification, permit to discriminate
PCs from benign nodules or hamartomas; suspicious imaging features to not overlook in
the evaluation of lung nodules, which include interval growth of a solid component that is
≥6 mm, spiculated margins, interval increase in density, or a new microcystic component.
Persistent part-solid nodules with solid components ≥6 mm should also be considered
highly suspicious. The presence of these features may prompt further diagnostic evaluation.

Several studies showed that TC or RM cannot always characterize solid lung nodules
even when intravenous iodate contrast medium is performed [17].

The Fleischner Society recommendations for pulmonary nodules, revised in 2017,
suggests that for solitary solid lung nodule >8 mm (>250 mm3) CT at 3 months, PET-CT, or
tissue sampling should be considered [18].

It is also important to point out that both TCs and ACs show very similar radiological
characteristics and for these reasons in most cases morphological exams such as X-ray,
contrast enhancement TC or MRI, do not allow to recognize them.

3.3. Conventional Somatostatin Receptors Imaging

Somatostatin receptors (SSTR) are over-expressed by neuroendocrine tumors (NENs) [19]
and somatostatin receptor scintigraphy (SRS) with 111In-pentetreotide (Octreoscan®, Mallinck-
rodt Medical, St. Louis, MO, USA), was first introduced in the 1980s, exploiting the specific
binding of a radiolabeled somatostatin analogue (octreotide) to high-affinity somatostatin
receptors (mainly type 2) expressed by most neuroendocrine tumors [20]. Thanks to this
feature, for many years Octreoscan® has been used in nuclear medicine for localizing,
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staging and follow-up of tumors with high SSTR expression. Although it has been one of
the gold-standard modalities used for the diagnosis of NENs, many studies have shown
several limitations, such as unfavorable tumor-to-noise ratio, low spatial resolution, and
moderate receptor affinity [21]. For these reasons, research has relied on the use of other
radiopharmaceuticals. Two new 99mTc-labelled SST analogs were introduced in the 1990s:
[99mTc]Tc-N4-[Tyr3] Octreotate (Demotate®, POLATOM, Otwock, Poland) and [99mTc]Tc-
EDDA/HYNIC-[Tyr3] Octreotide (Tektrotyd®, POLATOM, Otwock, Poland), which have
been broadly used in medical practice in patients with several SSTR+ cancers [22–24]. With
the advent of the new portable 68Ge/68Ga generators, 68Ga-labelled radiopharmaceuticals
became available for clinical use with PET/CT. Many are the advantages, and in particular
better spatial resolution of PET versus SPECT, shorter scan time and less patient exposure
to radiation [25,26].

The introduction of 68Ga-SSA PET/CT has indeed improved the diagnostic work-up
for the evaluation of lung neuroendocrine tumors which was previously, as mentioned
before, only based on traditional imaging such as conventional ultrasound, magnetic reso-
nance imaging (MRI), computed tomography (CT) and somatostatin receptor scintigraphy,
becoming one of the gold standard examinations in the diagnosis and management of
well-differentiated neuroendocrine tumors [27–29]. Three DOTA-peptides (DOTA-TOC,
DOTA-NOC and DOTA-TATE) have been purposed in clinical practice for the diagnosis
of NENs. DOTA-TATE is also suitable for peptide receptor radionuclide therapy (PRRT)
when labelled with 177Lutetium [30,31]. The main difference among such compounds is a
slightly different affinity for SSR subtypes (mainly type 2, but as well type 3 and type 5),
(Table 3). Nevertheless, they have not demonstrated significant diagnostic differences in
clinical practice.

Table 3. Cell expression and up-regulated expression of somatostatin receptors.

SSTR Positive Human Tumors Cell Line Affinity for 68Ga-SSA

SSTR 1

Breast carcinoma, Paragangliomas, Prostate
cancer, Sarcomas, Inactive pituitary adenomas,
GEP-NET, Pheochromocytomas, Gastric cancer,

and Ependymomas

Colon cancer (with
neuroendocrine features), and

Gastric cancer
Low

SSTR 2

Neuroblastomas, Meningiomas,
Medulloblastomas, Breast cancer, Lymphomas,
Renal cell carcinomas, Paragangliomas, Small
cell lung cancer, Hepatomas Sarcomas, Inactive
pituitary adenomas, GH-secreting adenomas,

GEP-NET, Pheochromocytomas, and
Gastric cancer

Breast cancer, Colon cancer,
Gastric cancer, and

Glioblastoma
Very high

SSTR 3
Paragangliomas (low density), Inactive

pituitary adenomas, GH-secreting adenomas
(low density), and GEP-NET

Lung cancer (squamous), and
Colon cancer (with

neuroendocrine features)
High

SSTR 4 Sarcomas Monoblastic leukemia, and
Breast cancer Low

SSTR 5

Lymphomas (low density), Prostate cancer
(low density), Inactive pituitary adenomas,

GH-secreting adenomas, GEP-NET,
Pheochromocytomas (low density), Gastric

cancer, and Ependymomas

Breast cancer, Gastric cancer,
and Colon cancer High

Current guidelines recommend PET/CT with 68Ga-DOTA-peptides for staging, re-
staging, characterization of a bronchial mass and localization of an occult primary neu-
roendocrine cancer when metastasis of an undetected primary tumor has been demon-
strated [19,32]. For 68Ga-SSA PET/CT examination, fasting is not required, and it is
recommended to have intravenous administration of the labelled compound (dose of
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100–200 MBq), with acquisition time varying according to the different conjugated peptide:
45–60 min for 68Ga-DOTA-TATE, and 60–90 min for 68Ga-DOTA-TOC and 68Ga-DOTA-
NOC. The amount of labeled peptide injected is less than 50 µg. In the case of patients
treated with “cold” somatostatin analogs, appropriate temporary medication withdrawal
prior to PET is not strictly necessary. One-day withdrawal is usually prescribed for short-
acting somatostatin analogs and three to four weeks for long-acting ones. However, cur-
rently, there is no evidence that the interruption of somatostatin analogs administration,
prior to PET with 68Ga-SSA, is required; it might ameliorate the target-to-background ratios.

68Ga-SSA PET/CT, for the staging of neuroendocrine lung tumors, should be routinely
performed in addition to conventional imaging techniques, but that alone may not be
sufficient to make a correct diagnosis, and it may not identify small distant metastases
(especially bone, liver and lymph nodes), [33]. As previously mentioned, PCs express
SSTRs on their surface depending on their differentiation. The density of these receptors
correlates with the degree of tumor differentiation, with TCs exhibiting the highest density
and being the most well-differentiated [19]. For this reason, 68Ga-SSA PET/CT offers the
possibility to differentiate in vivo histopathological subtypes of PCs (TC and AC) also from
poorly differentiated tumors (Large Cell Neuro-Endocrine Carcinoma of the lung, LCNEC
and Small Cell Lung Cancer, SCLC). This approach is clinically relevant both for therapeutic
and prognostic purposes, since TCs have a much better prognosis with a reported five-year
survival of 87–100%, in contrast to ACs, that have a lower, reported five-year survival rate
of 25–69% [34]. Moreover, 68Ga-SSA PET/CT may also play a key role for patients for
whom biopsy, for a variety of reasons, cannot be performed.

In summary, 68Ga-SSA PET/CT represents the gold standard imaging modality for
the diagnosis and staging of well-differentiated neuroendocrine tumors; in particular, there
is solid scientific evidence in GEP/NEN neoplasms [35].

In the last two decades, as reported in the following sections, several studies have
evaluated the role of quantitative analysis of 68Ga-SSA PET/CT scans for in vivo character-
ization of PCs (typical versus atypical), adding relevant information on the evaluation of
disease extent with the impact of the clinical management of patients [9,36]. A systematic
review and meta-analysis regarding 104 patients affected by PCs, published by Jiang et al.,
reported a higher SUVmax on 68Ga-SSA PET/CT in TCs as compared with ACs (36.5 versus
9, respectively) [37].

Finally, the European Society of Medical Oncology (ESMO) guidelines, published in
2021, suggested the use of 88Ga-SSA PET/CT in addition to contrast-enhanced CT in TNM
staging [17].

3.4. [18F]FDG PET/CT Imaging

[18F]FDG represents the main and most widely used radiopharmaceutical for PET
imaging, particularly for oncological purposes. [18F]FDG is a glucose analog that remains
trapped in neoplastic cells depending on their glucose metabolic activity. Its entrance to
the cells is mediated by several different Glucose transporters (Glut) expressed on different
cell types (Table 4). Some of them are overexpressed in cancer cells [38]. According to the
study of Mamede et al., a close correlation between Glut-1 expression and [18F]FDG uptake
was observed in lung cancer cells [39].

In the management of NENs, however, the role of [18F]FDG PET/CT is still a matter
of debate, particularly for the evaluation of well differentiated tumors [40,41] but there is
solid scientific evidence, that in high-grade tumors there is an upregulation of Glut and
glucose metabolism with, often, a loss of SSTR. Indeed, the increase of [18F]FDG uptake
correlates with the aggressiveness of neoplasia and indicates a worse prognosis [6,42].

In the majority of cases a median activity of 3 MBq/Kg body weight is injected
intravenously into euglycemic fasting patients. PET acquisition starts after 60 min [19,29].
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Table 4. Cell expression and up-regulated expression of glucose transporters.

GLUT Tissue Distribution Sub-Cellular
Localization Substrate Selectivity Up-Regulated

Expression

GLUT 1

Widely distributed, and highly
expressed especially in

erythrocytes, brain, testis
and kidney

Cell membrane Glucose,
dehydriascorbic acid

Tumor cells,
endothelial cells, renal
cells, skeletal muscle

cells, adipocytes,
hepatocytes, and brain

GLUT 2
Widely distributed, and highly

expressed in erythrocytes,
brain, testis and kidney

Cell membrane Glucose, and fructose Unclear

GLUT 3
Widely distributed, and highly

expressed in erythrocytes,
brain, testis and kidney

Cell membrane Glucose Tumor cell, and
pancreatic cells

GLUT 4 Adipose tissue, skeletal, and
cardiac muscle Cell membrane Insulin Skeletal muscle cells

GLUT 5 Small intestine, kidney, testis,
and adipose cell Cell membrane Fructose Tumor cells

GLUT 6 Brain, spleen, immune cells,
and adipose cell Cell membrane Glucose Brain

GLUT 7 Small intestine and colon,
testis and prostate Cell membrane Glucose and fructose Small intestine tissue

GLUT 8
Brain (hippocampus), testis,

epencephalon, and
adrenal glands

Cell membrane, and
endoplasmic reticulum

Glucose, fructose
and trehalose

Neuronal cells and
tumor cells

GLUT 9 Liver, kidneys, small intestine,
leukocytes, and chondrocytes Cell membrane Uric acid Ovarian granular cells

GLUT 10 Liver and pancreas Cell membrane,
endoplasmic reticulum Glucose Brain tissue

GLUT 11
Skeletal muscles, heart,
kidneys, adipose tissue,
placenta, and pancreas

Cell membrane Glucose Unclear

GLUT 12 Skeletal muscles, heart,
placenta, and prostate

Cell membrane and
intracellular organelles

Glucose, fructose
and galactose Mammary tumor cells

GLUT 13 Cerebrum, adipose tissue,
and kidneys

Cell membrane and
vesicles Inositol Unclear

GLUT 14 Testis Cell membrane Unclear Unclear

As a glucose analog [18F]FDG is not specific for tumors, increased activity can also
be seen in inflammation or infection by reason of glycolytic activity in leukocytes. Sev-
eral studies described a high accumulation of [18F]FDG in the collapsed lung distal to
endobronchial carcinoids secondary to obstructive pneumonia [35,36], whereas 68Ga-SSA
showed little uptake in the collapsed lung, despite the presence of SSTR on inflammatory
cells [43,44].

In addition to visual assessment, [18F]FDG uptake can be also quantitatively evalu-
ated. The most used parameters in clinical practice are maximum and mean standardized
uptake value (SUVmax and SUVmean), but metabolic tumor volume (MTV) and total lesion
glycolysis (TLG) are also valuable tools in several clinical settings [16].

A study by Jiang et al. [37] showed that the best SUVmax cutoff value to distinguish TCs
from ACs is 3.7, with 73.9% sensitivity and 65.4% specificity; despite that, the area under the
curve of SUVmax cutoff value for [18F]FDG (AUC: 73.3%) was small and thus making the
SUVmax value of [18F]FDG not a good predictor in differentiation of histological subtype.
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Several other studies demonstrated that the SUVmax value of [18F]FDG might not
be reliably used to distinguish more aggressive ACs from less aggressive TCs [36,37]. By
contrast, if measured as the ratio between SUVmax and SUVliver, [18F]FDG uptake in PCs
correlates with the Ki-67 index being able to identify ACs with a high proliferation index
(Ki-67 index of 10–20%) [34,45].

Briganti et al. suggested the use of [18F]FDG PET/CT in the follow up of patients:
the appearance or an increase of [18F]FDG uptake in known lesions would be a sign of
worsening related to de-differentiation of the lesion [34].

Recent papers calculated the ratio between SUVmax of 68Ga-SSA and SUVmax of
[18F]FDG and called it SUVr; this new semi-quantitative parameter is significantly higher
in TCs (mean 13.1 ± 7.3, range 1.22 to 30) than ACs [16,37].

Bozkurt et al. recommend the use of [18F]FDG for the localization and clinical man-
agement of high-grade poorly differentiated NENs with aggressive behavior and as a
prognostic factor [32].

Finally, the guidelines of the European Society for Medical Oncology (ESMO, Lugano,
Switzerland), published in 2021, suggest the use of [18F]FDG in ACs, with high-grade
histopathology and when 68Ga-SSA PET/CT imaging is negative [17]. Ambrosini et al. in
their Consensus paper, clearly state that [18F]FDG should be used in addition to 68Ga-SSA
to define in vivo the aggressiveness of the tumor. Moreover, [18F]FDG was considered
necessary during follow-up, for re-staging in selected patients: (i) if positive at baseline,
(ii) in patients with rapid progression of disease despite earlier low-grade disease at
histopathology, (iii) for those lesions found by CT/MRI and negative at 68Ga-SSA-PET/CT,
(iv) as a prognostic factor, and (v) to detect patients with mismatched lesions ([18F]FDG
positive/68Ga-SSA-negative) [29].

3.5. Combined 68Ga-SSA and [18F]FDG PET/CT in Pulmonary Carcinoids

In the last few years, it has emerged that combined imaging with [18F]FDG and 68Ga-
SSA PET/CT for the evaluation of PCs can provide useful information, particularly as a
reliable tool in the preoperative assessment of tumor biology. The preoperative distinction
between TC and AC is essential both to plan the best surgical strategy and for prognostic
purposes. In order to assess the role of combined analysis in the preoperative workup
of patients with proven PCs, we systematically analyzed the available literature. We
considered only studies regarding PCs in which combined imaging, with both 68Ga-SSA
PET/CT and [18F]FDG PET/CT, was performed (Tables 1 and 2).

One of the first papers that compared the combined use of 68Ga-SSA and [18F]FDG in
PCs dates back to 2009 [9]. Kayani and coll. evaluated the performance of 68Ga-DOTA-TATE
and [18F]FDG in 18 PCs, of which there were 11 TCs and 2 ACs, and they correlated tumor
uptake of each radiopharmaceutical with its metabolic grade at histology. They found a
significantly higher uptake of 68Ga-DOTA-TATE in all TCs as compared to ACs. [18F]FDG
uptake was variable in TCs with a SUVmax less than 3.4 in about half of patients; in contrast
ACs were avid of [18F]FDG, with a higher uptake in high grade tumors. Histological grade
correlated with the uptake of both radiopharmaceuticals.

Jindal et al. [7] evaluated the distribution of [18F]FDG and 68Ga-DOTA-TOC in
20 patients with PCs (13 TCs, 7 ACs) to assess the possibility of differentiating the two
histopathologic variants based on the different uptake patterns. It was found that the
uptake of 68Ga-DOTA-TOC was significantly greater in TCs than in ACs (range of SUVmax
8.8–66 vs. 1.1–18.5, respectively, p < 0.001). Authors also showed that SUVr was significantly
higher in TCs than ACs (p < 0.001) and they concluded that SUVr is a better predictor of
the histopathologic variety of PCs compared with the SUVmax.

In a prospective study, Venkitaraman and his group [10] compared the diagnostic
role of both 68Ga-DOTA-TOC PET/TC and [18F]FDG PET/TC in patients with suspicious
PC, using pathological evaluation (surgery or biopsy) as the gold standard. From 32
patients included in the study 26 resulted in carcinoids (21 TCs and 5 ACs). TCs showed
higher 68Ga-DOTA-TOC SUVmax values than ACs, whereas on the contrary [18F]FDG PET
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SUVmax values resulted higher in ACs than in TCs. 68Ga-DOTA-TOC performed better
than [18F]FDG In particular 68Ga-DOTA-TOC showed excellent diagnostic ability, with a
sensitivity of 96% (100% for TCs and 80% for ACs) and specificity of 100%, while [18F]FDG
had a sensitivity of 78% (62% for TCs and 100% for ACs) and a specificity of 11%. PPV and
NPV for 68Ga-DOTA-TOC and [18F]FDG were 100% and 86% vs. 69% and 17%, respectively,
with an accuracy of 97% vs. 59%.

Lococo et al. [11] in their multicenter study retrospectively evaluated the detection rate
(DR) of both 68Ga-DOTA-peptide and [18F]FDG performed in 33 patients with pathologi-
cally confirmed pulmonary carcinoid (23 TCs and 10 ACs). Overall, 68Ga-DOTA-peptide
was positive in 26 cases (DR 79%), while [18F]FDG was positive in 18 cases (DR 55%).
Regarding histologic subtypes, 68Ga-DOTA-peptide PET/CT was significantly superior to
[18F]FDG in detecting TCs (91% vs. 35%), while [18F]FDG PET/CT was significantly better
in detecting AC (100% vs. 50%). Authors also proposed, in order to predict the histological
diagnosis, other semiquantitative parameters beyond SUVmax, such as SUVT/L (target-
to-liver ratio) for [18F]FDG, SUVT/S (target-to-spleen ratio) for 68Ga-DOTA-peptides, and
SUVr (SUVmax of 68Ga-DOTA-peptides divided by SUVmax of [18F]FDG). [18F]FDG SUVmax
and SUVT/L resulted significantly higher in ACs, whereas SUVT/S, 68Ga-DOTA-peptides
SUVmax and SUVr were significantly higher in TCs, and a cutoff value of 1.19 for this latter
parameter was accurate to distinguish TCs from ACs (sensitivity 82.6%; specificity 90%).

The same group some years later [12] retrospectively confirmed the utility of both
radiopharmaceuticals for the assessment of PCs in a larger monocentric cohort of patients
(n = 62, 55 TCs and 7 ACs) that underwent [18F]FDG and/or 68Ga-DOTA-TOC followed by
surgical resection. Twenty-six patients underwent only 68Ga-DOTA-TOC, fifty-two patients
only [18F]FDG and twenty patients performed both examinations. Overall, the diagnostic
performance of 68Ga-DOTA-TOC was superior compared to [18F]FDG; in particular, by
using a SUVmax threshold of 2.5, the DR was 88.4% vs. 53.8%, respectively, and was even
more remarkable using a SUVmax threshold of 1.5, where the DR reached 100% vs. 80.8%.
Nevertheless, considering both SUVmax thresholds, 68Ga-DOTA-TOC performed better
only in TCs, while in ACs, the [18F]FDG diagnostic ability was superior. PET results also
correlated with histopathological features; in particular 68Ga-DOTA-TOC positivity showed
a significant correlation with a low mitotic rate, while 68Ga-DOTA-TOC negativity seemed
to be associated with presence of necrosis.

Komek et al. [13] also evaluated the diagnostic performance of the combined use of
[18F]FDG and 68Ga-DOTA-TATE PET/TC in patients with proven diagnoses of PC. Among
20 patients retrospectively included in the study, 17 underwent surgery, while 3 were
only biopsies; 13 resulted in TC and 7 AC. Only 3 cases, all atypical PC had lymph node
involvement, and one of those also presented bone metastasis. DR for TC was 100% with
68Ga-DOTA-TATE, while [18F]FDG detected 11 of 13 cases (84%). In ACs, DR was 100%
for both. [18F]FDG showed significantly higher SUVmax values in ACs, while 68Ga-DOTA-
TATE showed significantly higher SUVmax values in TC. The authors also found a negative
correlation between [18F]FDG and 68Ga-DOTA-TATE SUVmax values, suggesting that those
findings can predict in vivo the histological subtype.

Zidan et al. [14] in their retrospective work also analyzed the combined use of [18F]FDG
and 68Ga-DOTA-TATE PET/TC in 56 patients with histological diagnosis of well differ-
entiated PC (22 TCs and 34 ACs), focusing in particular on their role for a selection of
patients suitable for peptide receptor radionuclide therapy (PRRT). [18F]FDG avidity was
assessed comparing tumor-to-liver uptake, with a Deauville Score-like scale: 0, no uptake;
1, above blood-pool and less than liver; 2, equal to the liver; 3, moderately above the liver;
4, markedly above the liver. Scores 3 and 4 were considered as [18F]FDG positive, 0–2 as
negative. 68Ga-DOTA-TATE avidity was graded based on the modified Krenning scale: 0,
no uptake; 1, less than the liver; 2, equal to the liver; 3, equal to the liver but less than the
spleen; 4, equal or more than the spleen or SUVmax ≥ 30 in absence of the spleen. Thus,
patients were grouped in four different molecular imaging (MI) phenotype: 1, lesions
negative on both tracers; 2, lesions 68Ga-DOTA-TATE positive and [18F]FDG negative;
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3, lesions positive on both tracers; 4, lesions [18F]FDG positive and 68Ga-DOTA-TATE
negative. Scores 2 and 3 (50% of patients) were considered suitable for PRRT. Overall, 34%
of patients showed tumor heterogeneity having more than one MI phenotypes, regardless
of the histological subtype, with similar proportions of TCs and ACs. In the subgroup
of 16 patients that finally underwent PRRT, excluding one case with a score 4 that was
treated despite being unsuitable for therapy for uncontrolled symptoms and palliative
debulking of the disease that had PD, the DR was 85% (46% PR and 39% SD), highlighting
the importance of this dual-tracer approach to identify patients that can benefit the most
from this therapy.

Deleu et al. [15] recently found in a cohort of 64 patients with pathological diagnosis
of PC (52 TCs and 12 ACs), higher 68Ga-SSA SUVmax in TCs and higher [18F]FDG SUVmax
in ACs. For both techniques, SUVmax values were significantly different between TCs and
ACs. Furthermore, the authors also aimed to assess the ability of 68Ga-SSA PET/CT to
detect lymph nodes and distant metastases relying on pathological specimens. In a total of
267 hylo-mediastinal lymph node stations from 56 patients that underwent dissection or
biopsy, the sensitivity and the specificity for regional lymph node involvement by 68Ga-
SSA PET/CT was 80% and 75%, respectively, applying a SUVmax cutoff value of 2.1, with
the true positive rate that topped to 100% using a SUVmax cutoff value of 4.0. Moreover,
all 12 lesions from 10 patients were seen by 68Ga-SSA PET/CT as suspicious for distant
metastases and afterward biopsied confirmed to be metastatic (PPV of 100%).

An interesting recent multicentric study [16] investigated the use of 68Ga-DOTA-TATE
and [18F]FDG, in 61 patients with histologically confirmed lung carcinoids, for predicting
the nature of pulmonary carcinoids (typical vs. atypical) and for the evaluation of their
prognostic role. PET images were visually analyzed and SUVmax of the lung lesion was
calculated for semiquantitative analysis. SUVmax was also calculated for the spleen, liver,
and blood and divided by SUVmax of the lung lesion in each patient to obtain lesion-to-
spleen SUV ratio (L-S SUVr), lesion-to-liver SUV ratio (L-L SUVr), and lesion-to-blood-pool
SUV ratio (L-BP SUVr). Using both radiopharmaceuticals, PET examination were classified
as follows: score 1 [18F]FDG and 68Ga-SSA negative; score 2, 68Ga-SSA positive and
[18F]FDG negative; score 3, 68Ga-SSA negative and [18F]FDG positive; score 4, both PET/CT
positive. Authors also calculated, for each patient, the ratio of SUVmax on 68Ga-SSA over
that on [18F]FDG (SUVr). This retrospective study showed that dual radiopharmaceutical
approach provides complementary information about different biological features of PCs,
and thus helping in the prediction of histological diagnosis. Authors also suggested in
distinguishing TCs and ACs both qualitative and semiquantitative analysis; in particular,
the SUVr whose best value to predict the final diagnosis was 1.05 (AUC 0.889). Finally,
the results of this study demonstrated also their prognostic role in predicting PFS. Only
histological subtypes were correlated both with PFS and OS at a multivariate analysis and
among PET/CT features, only [18F]FDG and 68Ga-SSA were independently related to PFS.
Concerning SUVr, this variable is significantly related to the OS only at univariate analysis
but may give useful information in a presurgical field where an exact histological diagnosis
is not yet known.

4. Conclusions

From the few published papers, it emerges that PET/CT with 68Ga-labeled SSA should
always be performed in patients with suspicion of pulmonary NENs for staging purposes
and to decide therapeutic options. [18F]FDG PET/CT is indicated in atypical carcinoids
and in typical carcinoids during the follow-up, when progression of the disease is known
or suspected, to define the biological switch to a more aggressive form (Figures 2 and 3).
The combined approach with these two functional imaging modalities in clinical practice
enables more accurate staging, definition of aggressiveness and tumor biology, with a
prognostic role. Nevertheless, more data should be published on homogeneous series
of patients in order to evaluate the real impact of dual imaging on overall survival and
progression-free rate of this disease.
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Figure 2. Sixty-three-year-old female patient with Atypical PC (Ki-67 20%). The combined imaging 
with [18F]FDG (left) and 68Ga-DOTA-NOC PET/CT (right) show high glucose metabolism of the 
lesions and faint somatostatin receptor expression, suggesting an aggressive histotype. 

 

Figure 3. Fifty-eight-year-old female patient with previous history of TC of the inferior left lobe, 
treated with lobectomy, that 20 years after surgery developed multiple bone and nodal metastases 
(confirmed by biopsy). The patient underwent [18F]FDG (left) and 68Ga-DOTA-TOC PET/TC (right) 
within one week. All lesions show very high somatostatin receptors expression, but low glucose 
metabolism. 
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Somatostatin receptor scintigraphy using 99mTc-EDDA/HYNIC-TOC in patients with medullary thyroid carcinoma. Eur. J. Nucl.
Med. Mol. Imaging 2007, 34, 1635–1645. [CrossRef] [PubMed]

25. Gabriel, M.; Decristoforo, C.; Kendler, D.; Dobrozemsky, G.; Heute, D.; Uprimny, C.; Kovács, P.; Von Guggenberg, E.; Bale, R.;
Virgolini, I.J. 68Ga-DOTA-Tyr3-octreotide PET in neuroendocrine tumors: Comparison with somatostatin receptors scintigraphy
and CT. J. Nucl. Med. 2007, 48, 508–518. [CrossRef] [PubMed]

26. Barrio, M.; Czernin, J.; Fanti, S.; Ambrosini, V.; Binse, I.; Du, L.; Eiber, M.; Herrmann, K.; Fendler, W.P. The Impact of Somatostatin
Receptor-Directed PET/CT on the Management of Patients with Neuroendocrine Tumor: A Systematic Review and Meta-Analysis.
J. Nucl. Med. 2017, 58, 756–761. [CrossRef]

27. Lee, I.; Paeng, J.C.; Lee, S.J.; Shin, C.S.; Jang, J.Y.; Cheon, G.J.; Lee, D.S.; Chung, J.K.; Kang, K.W. Comparison of Diagnostic
Sensitivity and Quantitative Indices between 68Ga-DOTATOC PET/CT and 111In-Pentetreotide SPECT/CT in Neuroendocrine
Tumors: A Preliminary Report. Nucl. Med. Mol. Imaging 2015, 49, 284–290. [CrossRef]

28. Van Binnebeek, S.; Vanbilloen, B.; Baete, K.; Terwinghe, C.; Koole, M.; Mottaghy, F.M.; Clement, P.M.; Mortelmans, L.; Bogaerts,
K.; Haustermans, K.; et al. Comparison of diagnostic accuracy of (111)In-pentetreotide SPECT and (68)Ga-DOTATOC PET/CT: A
lesion-by-lesion analysis in patients with metastatic neuroendocrine tumours. Eur. Radiol. 2016, 26, 900–909. [CrossRef]

29. Ambrosini, V.; Kunikowska, J.; Baudin, E.; Bodei, L.; Bouvier, C.; Capdevila, J.; Cremonesi, M.; de Herder, W.W.; Dromain, C.;
Falconi, M.; et al. Consensus on molecular imaging and theranostics in neuroendocrine neoplasms. Eur. J. Cancer 2021, 146, 56–73.
[CrossRef]

30. Rinzivillo, M.; Prosperi, D.; Bartolomei, M.; Panareo, S.; Iannicelli, E.; Magi, L.; Panzuto, F. Efficacy of Lutetium-Peptide
Receptor Radionuclide Therapy in Inducing Prolonged Tumour Regression in Small-Bowel Neuroendocrine Tumours: A Case of
Favourable Response to Retreatment after Initial Objective Response. Oncol. Res. Treat. 2021, 44, 276–280. [CrossRef]

31. Rivinzillo, M.; Panzuto, F.; Esposito, G.; Lahner, E.; Signore, A.; Annibale, B. Usefulness of 68-Gallium PET in Type I Gastric
Neuroendocrine Neoplasia: A Case Series. J. Clin. Med. 2022, 11, 1641. [CrossRef] [PubMed]

32. Bozkurt, M.F.; Virgolini, I.; Balogova, S.; Beheshti, M.; Rubello, D.; Decristoforo, C.; Ambrosini, V.; Kjaer, A.; Delgado-Bolton, R.;
Kunikowska, J.; et al. Guideline for PET/CT imaging of neuroendocrine neoplasms with 68Ga-DOTA-conjugated somatostatin
receptor targeting peptides and 18F-DOPA. Eur. J. Nucl. Med. Mol. Imaging 2017, 44, 1588–1601. [CrossRef]

33. Cives, M.; Pellè, E.; Rinzivillo, M.; Prosperi, D.; Tucci, M.; Silvestris, F.; Panzuto, F. Bone Metastases in Neuroendocrine Tumors:
Molecular Pathogenesis and Implications in Clinical Practice. Neuroendocrinology 2021, 111, 207–216. [CrossRef]

34. Briganti, V.; Cuccurullo, V.; Berti, V.; Di Stasio, G.D.; Linguanti, F.; Mungai, F.; Mansi, L. 99mTc-EDDA/HYNIC-TOC is a New
Opportunity in Neuroendocrine Tumors of the Lung (and in other Malignant and Benign Pulmonary Diseases). Curr. Radiopharm.
2020, 13, 166–176. [CrossRef] [PubMed]

35. Carideo, L.; Prosperi, D.; Panzuto, F.; Magi, L.; Pratesi, M.S.; Rinzivillo, M.; Annibale, B.; Signore, A. Role of Combined [68Ga]Ga-
DOTA-SST Analogues and [18F]FDG PET/CT in the Management of GEP-NENs: A Systematic Review. J. Clin. Med. 2019, 8, 1032.
[CrossRef]

36. Ambrosini, V.; Castellucci, P.; Rubello, D.; Nanni, C.; Musto, A.; Allegri, V.; Montini, G.C.; Mattioli, S.; Grassetto, G.; Al-Nahhas,
A.; et al. 68Ga-DOTA-NOC: A new PET tracer for evaluating patients with bronchial carcinoid. Nucl. Med. Commun. 2008, 30,
281–286. [CrossRef]

37. Jiang, Y.; Hou, G.; Cheng, W. The utility of 18F-FDG and 68Ga-DOTA-Peptide PET/TC. In the evaluation of primary pulmonary
carcinoid A systematic review and meta-analysis. Medicine 2019, 98, e14769. [CrossRef]

38. Wei, L.; Ren, X.; Zhao, Y.; Wang, L.; Zhao, Y. Facilitative glucose transporters: Expression, distribution and the relationship to
diseases. Sheng Li Xue Bao 2019, 71, 350–360. [PubMed]

39. Mamede, M.; Higashi, T.; Kitaichi, M.; Ishizu, K.; Ishimori, T.; Nakamoto, Y.; Yanagihara, K.; Li, M.; Tanaka, F.; Wada, H.; et al.
[18F]FDG uptake and PCNA, Glut-1, and hexokinase-II expressions in cancers and inflammatory lesions of the lung. Neoplasia
2005, 7, 369–379. [CrossRef]

40. Prosperi, D.; Gentiloni Silveri, G.; Panzuto, F.; Faggiano, A.; Russo, V.M.; Caruso, D.; Polici, M.; Lauri, C.; Filice, A.; Laghi, A.;
et al. Nuclear Medicine and Radiological Imaging of Pancreatic Neuroendocrine Neoplasms: A Multidisciplinary Update. J. Clin.
Med. 2022, 11, 6836. [CrossRef]

41. Magi, L.; Prosperi, D.; Lamberti, G.; Marasco, M.; Ambrosini, V.; Rinzivillo, M.; Campana, D.; Gentiloni, G.; Annibale, B.; Signore,
A.; et al. Role of 18-F -FDG PET/CT in the managment of G1 gastenteropancreatic neuroendocrine tumors. Endocrine 2022, 76,
484–490. [CrossRef]

42. Binderup, T.; Knigge, U.; Loft, A.; Federspiel, B.; Kjaer, A. 18F-fluorodeoxyglucose positron emission tomography predicts
survival of patients with neuroendocrine tumors. Clin. Cancer Res. 2010, 16, 978–985. [CrossRef] [PubMed]

https://doi.org/10.1089/108497804773391702
https://doi.org/10.4149/neo_2010_01_068
https://www.ncbi.nlm.nih.gov/pubmed/19895175
https://doi.org/10.1007/s00259-007-0479-1
https://www.ncbi.nlm.nih.gov/pubmed/17530247
https://doi.org/10.2967/jnumed.106.035667
https://www.ncbi.nlm.nih.gov/pubmed/17401086
https://doi.org/10.2967/jnumed.116.185587
https://doi.org/10.1007/s13139-015-0356-y
https://doi.org/10.1007/s00330-015-3882-1
https://doi.org/10.1016/j.ejca.2021.01.008
https://doi.org/10.1159/000515859
https://doi.org/10.3390/jcm11061641
https://www.ncbi.nlm.nih.gov/pubmed/35329967
https://doi.org/10.1007/s00259-017-3728-y
https://doi.org/10.1159/000508633
https://doi.org/10.2174/1874471013666191230143610
https://www.ncbi.nlm.nih.gov/pubmed/31886756
https://doi.org/10.3390/jcm8071032
https://doi.org/10.1097/MNM.0b013e32832999c1
https://doi.org/10.1097/MD.0000000000014769
https://www.ncbi.nlm.nih.gov/pubmed/31008496
https://doi.org/10.1593/neo.04577
https://doi.org/10.3390/jcm11226836
https://doi.org/10.1007/s12020-022-03000-3
https://doi.org/10.1158/1078-0432.CCR-09-1759
https://www.ncbi.nlm.nih.gov/pubmed/20103666


J. Clin. Med. 2023, 12, 3719 14 of 14

43. Anzola, L.; Lauri, C.; Granados, C.; Laganà, B.; Signore, A. Uptake pattern of [68Ga]Ga-DOTA-NOC in tissues: Implications for
inflammatory diseases. Q. J. Nucl. Med. Mol. Imaging 2022, 66, 156–161. [CrossRef] [PubMed]

44. Signore, A.; Anzola Fuentes, L.C.; Chianelli, M. Somatostatin receptors Scintigraphy in Inflammation and infection imaging. In
Somatostatin Analogues: From Research to Clinical Practice; John Wiley & Sons: Hoboken, NJ, USA, 2015.

45. Del Gobbo, A.; Pellegrinelli, A.; Gaudioso, G.; Castellani, M.; Zito Marino, F.; Franco, R.; Palleschi, A.; Nosotti, M.; Bosari, S.;
Vaira, V.; et al. Analysis of NSCLC tumour heterogeneity, proliferative and 18F-FDG PET indices reveals Ki67 prognostic role in
adenocarcinomas. Histopathology 2016, 68, 746–751. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.23736/S1824-4785.19.03178-9
https://www.ncbi.nlm.nih.gov/pubmed/31833738
https://doi.org/10.1111/his.12808
https://www.ncbi.nlm.nih.gov/pubmed/26272457

	Introduction 
	Materials and Methods 
	Search Strategy 
	Data Collection 

	Results 
	Search Results 
	Radiological Imaging of Pulmonary Carcinoids 
	Conventional Somatostatin Receptors Imaging 
	[18F]FDG PET/CT Imaging 
	Combined 68Ga-SSA and [18F]FDG PET/CT in Pulmonary Carcinoids 

	Conclusions 
	References

