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Abstract: Neuroendocrine tumors (NETs) consist of a relatively rare spectrum of malignancies that
can arise from neuroendocrine cells; lung NETs (L-NETs) represent about 25% of primary lung neo-
plasm and 10% of all carcinoid tumors. Diagnostic algorithm usually takes into consideration chest X-
ray, contrast-enhanced CT and MRI. Nuclear medicine plays a crucial role in the detection and correct
assessment of neoplastic functional status as it provides in vivo metabolic data related to the over-
expression of Somatostatin Receptors (SSTRs) and also predicting response to peptide receptor radi-

onuclide therapy (PRRT). "n-Pentreotide (Octreoscan®) is commercially available for imaging of

ARTICLE HISTORY  nheuroendocrine tumors, their metastases and the management of patients with NETs. More recently,
9T EDDA/HYNIC-TOC(Tektrotyd®) was introduced into the market and its use has been approved

Received: January 23, 2019 for imaging of patients with L-NETs and other SSTR-positive tumors. **"Tc-EDDA/HYNIC-TOC
e ember 11, 2019 could also represent a good alternative to **Ga-DOTA-peptides (DOTA-TOC, DOTA-NOC, DOTA-
DOI- TATE) in hospitals or centers where PET/CT or ®*Ge/**Ga generators are not available. When com-
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@ CrossMark imaging quality and lower radiation e);posure for patients. Interesting perspectives depending on the
kinetic analysis allowed by Tektrotyd® may be obtained in differential diagnosis of non-small cells
lung cancer (NSCLC) versus small cells lung cancer (SCLC) and NETs. An interesting perspective
could be also associated with a surgery radio-guided by Tektrotyd® in operable lung tumors, including
either NETs and NSCLC.
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1. INTRODUCTION pulmonary neuroendocrine cells (PNECs), they have an en-
dodermal origin, arising from stem cells of the bronchial
epithelium known as Kulchitsky cells and are responsible of
lung NETs (L-NETs), which represent about 25% of primary
lung neoplasm, 10% of all carcinoid tumors are characterized
as individual cells or small clusters (neuroepithelial bodies)
[3]. From an epidemiological point of view, L-NETs occur
more often during the fourth and fifth decades although they
have been reported in every age group without any sex
prevalence or external environmental toxin detected as a risk
factor [4]. These tumors are usually asymptomatic, but clini-
*Address correspondence to this author at the Medicina Nucleare, Univer- cal presentation may occur being mainly associated with
sitd della Campania “Luigi Vanvitelli”, P.zza Miraglia 2, 80138 Napoli, bronchial obstruction, persistent cough, hemoptysis, wheez-
Italy; E-mail: vincenzo.cuccurullo@unicampania. it ing and dyspnea with carcinoid syndrome that occurs in

Neuroendocrine tumors (NETs) consist of a relatively
rare spectrum of malignancies that can arise from neuroen-
docrine cells throughout the body, but are mainly found in
the gastroenteropancreatic and bronchopulmonary systems
[1]. During the last decades, NETs witnessed an increase in
both incidence and prevalence mainly due to improved sen-
sibility of the diagnostic tools and more awareness of this
clinical entity by physicians [2]. With respect to
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Table 1. Histologic characteristics of lung carcinoid tumors.
- TC AC LCNEC SCLC
Necrosis No Yes Yes Yes
Mitotic activi 10
itotic activity (per <2 2-10 ~10 = 1520

High Power Fields)

Small and polygonal uniform cell
grouping in nests, cords or broad
Cytologic features sheets separated by a prominent
vascular stroma and numerous

thin-walled blood vessels

Cytologic pleo-
morphism and
higher nuclear-to-
cytoplasmic ratios

Large cell size, polygo-
nal shape, low nuclear-
cytoplasmic ratio

Architecture of the tumor clusters
is poorly preserved, with large
areas of necrosis separating small
islands of viable tumor

Diffuse and homogeneous

Immunohisto-chemical neurosecretory granules (neuron-

Chromogranin A,
synaptophysin,
and neural cell

Chromogranin A,
synaptophysin, and

Neurosecretory granules such as
chromogranin and synaptophysin
are usually present, but these are

staining specific enolase, chromogranin, . neural cell adhesion
. adhesion molecule fewer and smaller than those
and synaptophysin) molecule (NCAM/ . L.
(NCAM/ CD56) observed in carcinoid tumors.
CD56)
Grading Low Intermediate High High

Abbreviations: TC = Typical Carcinoid; AC= Atypical Carcinoid; LCNEC = Large Cell Neuro-Endocrine Carcinoma; SCLC = Small-Cell Lung Cancer.

about 2% of cases, depending on which hormones are se-
creted [4]. L-NETscan can be classified into four subtypes:
well-differentiated, low-grade typical carcinoids (TCs); well-
differentiated, intermediate-grade, atypical carcinoids (ACs)
that are slightly more prevalent in older population; poorly
differentiated, high-grade large cell neuroendocrine carci-
nomas (LCNECs) and high-grade small cell lung cancers
(SCLCs) [5]. In the update of 2015, in the classification of
lung tumors, WHO decreed diagnostic criteria for NETs
through histopathological features such as cell size, cell
morphologic features, mitotic index, architectural growth
patterns and presence of necrosis, assembling all four his-
tologic variants of L-NETs (TCs, ACs, LCNECs, and
SCLCs) into one category [6]. This innovation facilitates
differential diagnosis since carcinoids were grouped sepa-
rately from LCNECs and SCLCs in the 2004 WHO classifi-
cation. LCNECs and SCLCs are classified to have a high
tumor grade, whereas well-differentiated lung NETs can be
classified as having either a low (TCs) or intermediate (ACs)
tumor grade. The most important features to characterize L-
NET subtypes are two: presence or absence of necrosis and
the number of mitoses per two mm” of viable area of tumor.
TCs are defined as lung carcinoid tumors measuring at least
0.5 cm, with fewer than two mitoses per 2 mm’ of viable
area of tumor and lacking necrosis, whereas ACs have two to
10 mitoses per 2 mm” of viable area of tumor, with the pres-
ence of necrosis that is often focal. A grading scheme that
classifies lung NETs as grade 1 (TCs), grade 2 (ACs), and
grade 3 (SCLCs and LCNECs) is very helpful in guiding
therapy. Patients with grade 1 or 2 tumors are generally
treated with somatostatin analogs (SSAs) and other drugs,
whereas patients with grade 3 tumors are treated with che-
motherapy. Finally, in addition to the grading of L-NET, in
order to establish the most suitable cancer treatment, it is
necessary to know the proliferative index measured by Ki-
67, an independent prognostic factor (Table 1).

2. DIAGNOSTIC IMAGING AND THERAPY IN THE
MANAGEMENT OF PATIENTS WITH L-NETs

In terms of imaging techniques, the diagnostic algorithm
usually takes into consideration chest X-ray, contrast-
enhanced CT and MRI, in which all tumors (TC, AC,
LCNEC and SCLC) despite being significantly different for
histological characteristics, clinical behavior and prognosis,
show very similar radiologic features, such as central well-
defined spherical nodule, bronchial narrowing, deformation
or obstruction and calcifications [7]. In addition, they share
the unique feature of over-expressing somatostatin receptors
(SSTRs), with five known subtypes (SSTR1-SSTRS) and
SSTR2 being the most prominent one in differentiated NETs
[8-12]. In this context, nuclear medicine plays a crucial role
in the detection and correct assessment of neoplastic func-
tional status as it provides in vivo metabolic data related to
the over- expression of SSTRs and to the amine pathway
[13-16]. In fact, currently available radiopharmaceuticals for
imaging NETs are based on these two characteristics and can
be divided into two groups with the former including radio-
labeled peptide analogs of natural hormones capable to de-
tect over-expressed peptide receptors on the surface of NET
cells and the latter based on radiolabeled amine precursors
that image NET metabolism [17-19]. Moreover, traditional
PET imaging with '*F-fluorodeoxyglucose('*F-FDG) may be
used as well in the forms that are more aggressive and in
case of poorly differentiated NETs due to their lower expres-
sion of SSTRs and higher glucose metabolism [20-22].
Therefore, nuclear medicine imaging techniques including
somatostatin receptor, dopamine receptor and metabolic im-
aging of NETs offer higher sensitivity and specificity in di-
agnosis, staging, follow-up and with respect to SSTR-based
studies prediction of response to peptide receptor radionu-
clide therapy (PRRT) in comparison with morphological
imaging techniques such as CT and MRI [23-26]. From a
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therapeutic point of view, patients with L-NETs are usually
treated with surgery in case of limited loco-regional disease,
whereas carcinoid syndrome is treated with SSA to inhibit
serotonin production which is responsible for diarrhea, flush-
ing and wheezing; extended disease instead, is mainly treated
either with PRRT or palliatively with chemotherapy and ra-
diotherapy [27-29]. The major interest of nuclear medicine is
associated with the possibility to connect radiopharmaceuti-
cals for diagnosis and therapy, i.e. to adopt a theranostic
model [30-33]. In this sense, somatostatin receptor scintigra-
phy (SRS) and DOTA-PET, the latter with higher diagnostic
accuracy, are of the utmost importance throughout the stag-
ing process being capable not only to detect primary lesions
but also to evaluate nodal involvement and/or metastatic
spreading of L-NETs [34-36]. Subsequently, using  or o
emitters to label similar molecules, it is possible to perform
targeted radiotherapy only in selected patients, namely those
who show a high uptake at the diagnostic phase [37,39]. In
this paper, we focused on SSTR-based imaging since SRS
and PET/CT studies are the best options to detect well-
differentiated L-NETs and to classify patients according to
their SSTR density. Many radiolabeled somatostatin analogs
are available for human use, with variable sensitivity and
specificity since they differ in terms of radionuclides, chela-
tors, and affinity for different SSTR subtypes [39-43]. The
aim of this study is to compare the imaging performance of
the recently developed *™Tc-labeled somatostatin analog,
9™ T¢-hydrazinonicotinyl-Tyr(3)-octreotide  **™Tc-HYNIC-
TOC [Tektrotyd™], with the “historic” gold standard In-
diethylenediaminepentaacetic acid-D-Phe(1)-octreotide M-
OCT [Octreoscan™] and the “new” gold standard **Ga-
DOTAPET (DOTATOC/DOTANOC/DOTATATE), to di-
agnose and characterize SSTR presence in L-NETs. Fur-
thermore, we evaluated the diagnostic and prognostic role of
"SE_-FDG PET/CT in the same patients. The results of every
patient were confirmed with histological analysis, in particu-
lar with the proliferation index (Ki67% or MIB1).

3. "'IN-DTPA-OCTREOTIDE

For a long time, scintigraphic detection of somatostatin
receptor cellular expression was obtained thanks to anln-
dium-labeled somatostatin analog (SSA) [44] that showed a
high binding affinity for SSTRs, in particular for SSTR2
[45]. The synthetic addition of diethylene-triamine-
pentaacetic acid (DTPA) to octreotide, provides four carbox-
ylic groups (COOH) for the formation of metal-binding
complexes, [46] forming the SSA Pentetreotide.' 'In-
Pentreotide (Octreoscan”) is commercially available for im-
aging with the so-calledSRS, a sensitive method for the de-
tection of neuroendocrine tumors, their metastases and the
management of patients with NETs (Figs. 1 and 2) [47].
However, this radiopharmaceutical has several drawbacks
mainly related to In physical characteristics, such as limited
availability and high costs due to its production by cyclo-
trons, a medium y-energy leading to suboptimal image reso-
lution and relatively high radiation burden for the pa-
tient[48]. Moreover, from a practical point of view, it is not
convenient for patients to undergo SPECT/CT across two
days with an early acquisition at 4h post-injection and a de-
layed one 24-48h later, dual time procedure suggested to
improve diagnostic accuracy [49, 50].

Briganti et al.

4. ”°MTC-EDDA/HYNIC-TOC

More recently, Tektrotyd” (Polatom) was introduced into
the market as a dry kit formulation with high affinity to
SSTR2, lower to SSTR3 and SSTRS5 [51] and its use has
been approved in several countries across Europe for imag-
ing of patients with L-NETs and other SSTR-positive tumors
[52]. When compared to Octreoscan”, its advantages in-
clude:

e Better physical characteristics of Mg respect to Hp,
with the former that is more suited for gamma cameras
and SPECT/CT imaging;

e  Shorter half-life (approximately 6 hours versus 2.8 days)
that allows one-day imaging protocol without renounc-
ing to kinetic studies for up to 24 hours;

e Lower physiological liver and bowel uptake;

e Lower radiation burden, so that higher dosage can be
administered resulting in better image quality;

e Lower costs and wider availability;

99mTc-EDDA/HYNIC-TOC could also represent a good
alternative to 68Ga-DOTA-peptides (DOTA-TOC, DOTA-
NOC, DOTA-TATE) in hospitals or centers where PET/CT
or 68Ge/68Ga generators are not available [53]. The use of a
SPECT/CT system significantly improves specificity and
accuracy of SSTR SPECT-alone studies [54] since it reduces
false positive and false negative results by positively affect-
ing image quality, allowing anatomical localization and defi-
nition of morphological characteristics of scintigraphic focal
uptakes [55]. Therefore a more accurate differential diagno-
sis of the most uncertain lesions may be obtained [56].

5.PET IMAGING: DOTA-PEPTIDES AND FDG

In centers with the availability of a PET/CT scanner the
main diagnostic tool for SSTR-based imaging is PET/CT
with DOTA-peptides, using radiopharmaceuticals such as
%8Ga-DOTA-1-Nal3-octreotide (**Ga-DOTA-NOC), “*Ga-
DOTA-Tyr3-octreotide  (**Ga-DOTA-TOC) and **Ga-
DOTA-Tyr3-octreotate (“*Ga -DOTA-TATE). When com-
paring characteristics of DOTA-PET/CT versus SRS it is
clear that the former is much better than the latter for several
reasons including the synthesis of **Ga-DOTA-peptides that
is easier and relatively inexpensive since **Ga is produced
via a specific ®*Ge/**Ga generator, whereas production and
labeling results are more expensive due to the need of a cy-
clotron [57].

In addition, from patient’s perspective, the whole study
may be concluded in 2h instead of a dual-day imaging proto-
col with “early” 4h and“late” 24h acquisitions recommended
with Octreoscan®, thus providing shorter examination times.
On top of these pros, DOTA-peptides also have lower do-
simetry and more favorable physical characteristics with
higher spatial resolution compared to SPECT (3-6 mm ver-
sus 10-15 mm), which results in a significantly higher sensi-
tivity and diagnostic accuracy [58]. PET is able to quantify
tracer uptake in a given region of interest thanks to the stan-
dardized uptake value (SUVmax), which is useful to evaluate
the therapeutic response and to be used as a prognostic fac-
tor. Finally, ®®*Ga-DOTA-peptides also present a higher affin-
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Fig. (1). Octreoscan®™ SPECT in patient with TC of the right lung (M, 70 y.0.). Image shows high tumor uptake due to high SSTR density,
with consistent (>50%) increase at delayed examinations. (4 higher resolution / colour version of this figure is available in the electronic copy

of the article).
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Fig. (2). Octreoscan® SPECT in patient with SCLC (M, 45 y.0.) that shows the usually low tracer uptake, which only sometimes can be in-
termediate or high. The evaluation of SSTR density is crucial for prediction of treatment response. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

ity for SSTRs with a wider sépg)ectrum compared to '''In-
Pentetreotide; for instance, *~Ga-DOTA-NOC binds to
SSTR2, SSTR3 and SSTR5 compared to '''In-Pentetreotide
that has high binding affinity only for SSTR2, whereas **Ga-
DOTA-TATE has the highest affinity for SSTR2 (about ten
times higher) [59]. Reubi and Waser studied the distribution
of SSTR in bronchial carcinoids and showed a prevalence of
SSTR1 and SSTR2 (highest density), detected in 70% of
tumors, while SSTR5 was found in 20% of cases and with
lower density [60-62]. Therefore, the use of %Ga-DOTA-
TATE, SSTR2-specific radiotracer, above the others could
be preferred, although no relevant clinical difference has
been demonstrated yet among DOTA-peptides [17].

A metabolic imaging technique that could be used in L-
NETs is "*F-FDG-PET/CT. In this case, the determination of
malignant lesions is based on their glucose metabolism, with
the over-expression of glucose transporter-1 (GLUTI1) and
increased glycolysis that has been shown to be closely re-
lated to '*F-FDG uptake in human cancer. However, in early-
stage L-NETs, markers of glucose metabolism, hypoxia and
angiogenesis determine the amount of '*F-FDG uptake [63].
Therefore, albeit the most diffused and employed PET tracer
in oncology, '"*F-FDG PET/CT, which is useful to character-
ize NSCLCs from a metabolic point of view, is affected by a
low sensitivity when compared to SSTR-based imaging
techniques in case of well-differentiated L-NETs and/or slow
growing patterns that do not present an increased glucose

metabolism. Therefore, its role could be limited to the detec-
tion and staging of high-grade tumors (LCNECs and
SCLCs). Besides, since L-NETs "*F-FDG uptake (measured
as the ratio between SUVmax and SUVliver) is related to
Ki67 index, "*F-FDG-PET/CT is a valuable tool also in their
metabolic characterization especially in ACs with higher
proliferation index (Ki-67 index of 10%—-20%), and in follow
up of patients showing a prognostic worsening, related to de-
differentiation (Figs. 3 and 4) [64].

6. CLINICAL ROLE OF *TC-HYNIC-TOC (TEK-
TROTYD®) IN THE MANAGEMENT OF PATIENTS
WITH L-NETS

The correct definition of the clinical role of Tektrotyd” in
the management of patients with L-NETSs represents the main
question due to the lack of sufficient data [52]. In fact, it is still
not possible to consider Tektrotyd” superior to Octreoscan”
although the first published papers that compare these two
radiopharmaceuticals support the superiority of the former
rather than the latter [53, 65]. Similarly, there are only a few
comparisons between Tektrotyd® and DOTA-PET/CT [66]. In
order to determine the possible clinical application of Tektro-
tyd®, as alternative or integrative technique for Octreoscan®
and/or DOTA-PET/CT, it is important to understand the
physical and biochemical characteristics of this tracer. Two
main points are interesting, namely spatial resolution and
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Fig. (3). Comparison of percentage of positive findings between Tektrotyd® and *F- FDG based on tumor grade. Adapted from
Education Exhibit presentation “Neuroendocrine Neoplasms of the Lung: Pathologic Classification and Spectrum of Molecular Imaging
Findings”, RSNA Annual Meeting 2012. (4 higher resolution / colour version of this figure is available in the electronic copy of the article).

Fig. (4). Transaxial FDG PET/CT in patient with SCLC (M, 39 y.o.) that shows high uptake within the tumor. This technique allows
accurate tumor staging in particular for separation of limited disease versus extended disease. (4 higher resolution / colour version of this

figure is available in the electronic copy of the article).

tracer bio-distribution. With respect to the former, DOTA-
PET/CT represents the best choice since it grants a minimum
threshold of 4-5 mm, followed by Tektrotyd™ that has a spatial
resolution of 7-9 mm up to Octreoscan® that among the three
has the lowest sensitivity with 11-14 mm. The other feature to
evaluate is the possibility to study tracer’s bio-distribution
over time, i.e. to study its pharmacokinetics and pharmacody-
namics, in either a photographic or a cinematic mode. This is
virtually impossible with *®*Ga-DOTA-peptides since their
washout rate is rather slow and radiopharmaceutical’s extrac-
tion is not too high, whereas Octreoscan” provides more in-
formation thanks to the delayed acquisitions either at 4 and 24
hours. In a similar fashion, Tektrotyd” can study biochemical
distribution over time. In fact, it showed a comparable pattern
of uptake to Octreoscan” with a tumor-non-tumor ratio (TNT)
that an increase in the very first hours, in particular, more than
50% between 1h and 4h acquisitions [67]. Therefore, if Tek-
trotyd® proves to be not significantly inferior to DOTA-
PET/CT in terms of diagnostic accuracy, thanks to the possi-
bility of a kinetic analysis, it could represent the best choice in
terms of cost/effectiveness in a large group of indications. In
this sense, '''In-pentetreotide allows a thorough evaluation of
bio-distribution kinetics but it is characterized by lower sensi-
tivity, whereas” ™" Tc-HYNIC-TOC has interesting intermedi-
ate features between Octreoscan” and DOTA-PET/CT (Fig.
5).

In 2014, Etchebehere et al. [68] prospectively compared
%Ga-DOTATATE  PET/CT, *™Tc-HYNIC-Octreotide
SPECT/CT and Whole-Body MRI in detection of NETs,

150+

1004

50+

111 In-penterteotide uptake % increment

well-diffelrentiated poorly-differentiated
Level of differentiation

Fig. (5). Tumor percentage increment (4h-24h) of '"In-
Pentetreotide uptake, reflecting SSTR density, is higher in well-
differentiated NETs (ie. TC and AC) than in poorly-
differentiated NETs (i.e. SCLC and LCNEC). *™Tc-HYNIC-
TOC has the same uptake pattern of '''In-pentetreotide. Adapted
from Education Exhibit presentation “Neuroendocrine Neoplasms
of the Lung: Pathologic Classification and Spectrum of Molecular
Imaging Findings”, RSNA Annual Meeting 2012. (4 higher resolu-
tion / colour version of this figure is available in the electronic copy
of the article).
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suggesting a superiority of DOTA-PET in terms of diagnos-
tic accuracy respect to the others for the detection of lesions
in the pancreas, gastrointestinal tract, and skeletal system,
but all three showed similar performances for lung, lymph
node and liver lesions. MRI in the assessment of patients
with L-NETs takes advantage of the vascular nature of the
tumor; in fact, thanks to the intravenous administration of
contrast media, lesions enhance intensely during the arterial
phase and wash out during the delayed phase. Conversely,
with respect to diffusion-weighted imaging, the tumor shows
a high signal intensity because NETSs significantly reduce
water diffusion compared with normal tissues. In their study
however, WB DWI was less sensitive than CT because sub-
centimeter nodules were difficult to be detected on coronal
images. Instead, ®*Ga-DOTATATE PET/CT and SSRS
SPECT/CT showed a high negative predictive value
(NPV=0.88) with the absence of uptake in lung nodules that
were considered to be dominant above CT; it means that
nodules were considered negative even though they were
suggestive for metastases from a morphological point of
view. The only limitation they reported was related to false-
negative results in lesions close to the liver dome because of
respiratory motion artifacts, hence suggesting that respiratory
gating could be an important tool to avoid interpretation er-
rors at the level of diaphragmatic lesions.

Artiko et al. [69] instead, recently published the prelimi-
nary results of a multicenter trial that included 495 patients
with different NETs studied with 99mTc-HYNIC-TOC
SPECT/CT. With respect to L-NETs, there were 37 true
positives, 6 true negatives, 1 false positive, and 6 false-
negative results, resulting in 86% sensitivity, 85.7% specific-
ity, 97.3% positive predictive value (PPV), 50% NPV and
86% accuracy.

Therefore, Tektrotyd could be more cost/effective in case
of well-differentiated L-NETSs, such as TCs and ACs, thanks
to its comparable uptake with '''In-Pentetreotide with re-
duced radiation exposure, scanning time and with increased
accuracy and sensitivity, especially with the current use of
SPECT/CT. In fact, SRS SPECT/CT, by the combination of
morphologic and metabolic data allows precise location of
lesions thus reducing false-positive results.

More generally, although it is not possible to quantify the
advantages and disadvantages in the comparison between
Tektrotyd versus Octreoscan and **Ga-peptides , we can,
however, individuate better characteristics of each of them
compared to the other ones. With respect to scan time and
overall duration of patient examination, also affecting his/her
compliance, DOTAPET is faster and takes less time, being
concluded in 2 hours compared to Tektrotyd (5 hours) and
Octreoscan, requiring a late scan at 24 hours. Being optimal
for the diagnostic accuracy for DOTAPET, Tektrotyd allows
a better signal/noise ratio and a higher counting rate with
respect to Octreoscan that could determine (in a comparison
involving a larger series of patients) better results. A major
advantage for Tektrotyd may be connected with its wider
availability, associated with the diffuse existence of *™Tc
generators in all the departments worldwide, while **Ga gen-
erators are only present in few centers, furthermore requiring
the presence of a higher radiochemical competence. In this
context, which could also significantly affect the
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cost/effectiveness because of different prices of the radioac-
tive dose, Octreoscan is negatively charged by the need to
purchase from the manufacturers. Although its faster physi-
cal decay represents a dosimetric advantage, **Ga is nega-
tively affected by the impossibility to carry out pharmacoki-
netic studies, feasible for Octreoscan and Tektrotyd, allow-
ing scans up to 24 hrs (and also beyond for "In). This fea-
ture may determine a better dosimetric evaluation of a ther-
anostic effect, when associated with PRRT. Having been
already demonstrated for Octreoscan the capability to in vivo
differentiate NSCLC versus SCLC, because of a different
washout at 24 hours, first data acquired by our group are in
agreement with similar results achievable with Tektrotyd.
Furthermore, only Octreoscan and Tektrotyd may allow a
radioguided surgery, useful in operable pulmonary tumors,
when in vivo concentrating radiolabeled Somatostatin ana-
logs. In this context, although comparative studies are not
available, a radiotracer labeled with 9MT¢ should allow a
better signal to noise ratio respect to the corresponding ra-
diopharmaceutical labeled with determining technical and
methodological advantages in the intra-surgical staging.
Therefore, although the diagnostic accuracy of DOTAPET
still remains superior, a cost/effectiveness balance could fa-
vor the use of Tektrotyd in some indications either in oncol-
ogy and for non oncological applications.

7. METHODOLOGY COMPARISON IN A RARE DIS-
EASE: DIFFUSE IDIOPATHIC PULMONARY NEU-
ROENDOCRINE CELL HYPERPLASIA (DIPNECH)

This is a rare and poorly understood lung condition char-
acterized by the abnormal overgrowth of PNECs, in the
presence of neuroepithelial bodies in respiratory epithelium
and multiple carcinoid tumorlets [70]. The cause is still un-
known and since so few cases have been reported in the
medical literature, there is limited information also on the
prognosis and management of this condition. People with
this diagnosis may have no obvious symptoms or may ex-
hibit features of airway disease such as a chronic, non-
productive cough, shortness of breath with exertion, and
wheezing. It is considered a precancerous condition as the
studies suggest that it is a precursor for TCs and ACs; in
particular, a recent paper has proposed the minimum patho-
logic criteria necessary to diagnose DIPNECH as the pres-
ence of PNEC hyperplasia in at least three bronchioles asso-
ciated with three or more tumorlets [71] (Fig. 6).

8. DISCUSSION

Carcinoids are rare pulmonary tumors. The distinction
between well-differentiated (TC and AC) and poorly differ-
entiated (LCNEC e SCLC) and, also, between TC or AC, is
clinically important, because it has therapeutic as well as
prognostic implications. Typical carcinoid tumors are found
to have a much better prognosis with a reported 5-year sur-
vival of 87-100% in contrast to the atypical carcinoids,
which have a reported 5-year survival rate of 25-69% [72].
Imaging techniques play an important role in the identifica-
tion of lung NETs, including key tumor characteristics,
lymph node involvement and the presence of metastases, but
they cannot define the different histopathology [73]. Carci-
noids express SSTRs on their surface. Such receptors allow
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Fig. (6). Comparison of FDG PET/CT, 4h Tektrotyd® and 24h Octreoscan® in 56yo female patient with history of DIPNECH and
solitary nodule in the inferior lobe of the right lung. Moderately positive FDG PET/CT was less sensitive than SSTR-based SPECT imag-
ing. Subsequent lobectomy confirmed the presence of TC (Ki67<1%). (4 higher resolution / colour version of this figure is available in the

electronic copy of the article).

functional imaging of these tumors with radiolabelled soma-
tostatin analogs like ®*Ga-DOTATOC, '''In-Octreoscan” and
9mTe-Tektrotyd®. The density of these receptors is related to
the degree of tumor differentiation, with TCs expressing the
highest density and being the most well-differentiated ones
[74]. In this paper, we tried to outline the main advantages
and drawbacks of Tektrotyd® in comparison with Oc-
treoscan”, *Ga-DOTA-PET/CT and "*F-FDG-PET/CT stud-
ies in order to define the possible clinical role of the
%mTechnetium-based somatostatin analog, as a prognostic
index for the characterization of lung NETs. In a recent
meta-analysis, Treglia et al. [75] compared 16 studies in-
cluding 567 patients with gastroenteropancreatic (GEP) and
L-NETs, evaluated with **Ga-DOTA-peptides PET/CT and
SRS, reporting a significantly higher overall sensitivity and
specificity for ®*Ga-DOTA-peptides of 93% (95% confi-
dence interval (CI): 91-95%) and 91% (95% CI: 82-97%),
respectively. PET/MRI could represent a possible diagnostic
improvement, which already demonstrated its potential in
characterizing abdominal lesions GEP-NETs but not in case
of L-NETs or hyper-sclerotic skeletal metastases (Beiderwel-
len KJ et al) [76]. (Fig. 7).

In a different paper, Ambrosini et al. [17] studied 11 pa-
tients with pulmonary lesions, 10 subjects with pathologi-
cally proven TCs and one with highly suspicious CT images.
In this series, ®*Ga-DOTA-NOC was positive in nine patients
with SUVmax ranging from 4.4 to 60.5 and thanks to the
detection of unknown metastases, PET/CT was crucial to
determine a change in the clinical management in three out
of nine patients. In 2009, instead, Kayani ef al. [22] compared
%Ga-DOTA-TATE and '*F-FDG PET/CT in 18 patients with
L-NETs, and demonstrated the relationship between ra-
diotracers uptake to tumor grade on histology. In particu-
lar,(’gGa-DOTA-TATE showed an overall sensitivity of 72%,
but the difference between the two tracers was more evident
in case of TCs, where all of them showed high and selective
%Ga- DOTA-TATE uptake (SUVmax > 8.2) compared to
either negative or low E-FDG accumulation (SUVmax =
1.7-2.9). Conversely, all high-grade tumors and ACs showed
high "*F-FDG uptake (SUVmax > 11.7), versus a minimally

4,004
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1,004 E

18F-FDG SUVmax/SUVliver

<2% <29%-20% >20%
Ki67 index

Fig. (7). BE_FDG uptake (measured as the ratio between SU-
Vmax and SUVliver) is related to Ki67 index in L-NETs.
Adapted from Education Exhibit presentation “Neuroendocrine
Neoplasms of the Lung: Pathologic Classification and Spectrum of
Molecular Imaging Findings”, RSNA Annual Meeting 2012. (4
higher resolution / colour version of this figure is available in the
electronic copy of the article).

increased uptake of ®*Ga-DOTA-TATE (SUVmax = 2.2—
2.8). Neither *Ga-DOTA-TATE nor "*F-FDG uptake was
observed in the case of DIPNECH.

In this context, in the near future, theranostic imaging of
SSTRs will become the most prominent indication for
SSTR-based techniques, including SRS, SPECT/CT and
PET/CT, in order to document sufficient levels of SSTRs
before suggesting a PRRT. In fact, great strides have been
made to study and improve the performance of PRRT, which
can be done mainly with *°Y or '""Lu-labeled DOTA-
peptides, namely “Y-DOTA-TOC and '""Lu-DOTA-TATE.
Even if very few data, relative to their use in L-NETS, is
available, these two radiopharmaceuticals already showed
promising results being at the same time well tolerated and
an effective therapeutic tool, being renal toxicity the only
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significant drawback. Therefore, in patients suitable for
PRRT, GFR has to be monitored and, if possible, in order to
reduce the renal absorbed dose, an i.v. infusion of positively
charged aminoacids should be administered before therapy
[27, 28].

Mariniello ef al. [77] retrospectively analyzed 114 pa-
tients with advanced stage bronchopulmonary carcinoids
from 1997 to 2012, treated with three different PRRT proto-
cols, namely "TLy-octreotate, *°Y-DOTATOC or the combi-
nation of both. In their study, despite the differences in
treatment schemes and inter-individual diversity, "Ly-
octreotate seemed superior to *’Y-DOTATOC with morpho-
logical responses (partial responses + minor responses) that
were obtained in 26.5% of the cohort and were associated
with longer OS and PFS. More recently, Sabet ef al. [78]
engineered a dual-center retrospective study aimed to assess
the outcome and toxicity of standardized PRRT with '""Lu-
octreotate in 22 patients with G1-G2 advanced pulmonary
NETs, after failing standard treatment with “cold” soma-
tostatin analogs. Their results showed a partial response in
six patients, corresponding to 27.3% of cases, indicating that
""Lu-octreotate anti-proliferative activity is present in this
specific NET entity at an advanced stage, although the par-
ticular benefit in patients with L-NETs is still unclear, even
more, if we consider small population sizes and the retro-
spective nature of the abovementioned papers.

CONCLUSION AND PERSPECTIVE

Although there are few papers comparing these 3 differ-
ent approaches, we can conclude that in SSTR characteriza-
tion of lung NETs, Tektrotyd® SPECT/CT apparently dem-
onstrates at least the same capability as compared to Oc-
treoscan” , remaining **Ga-DOTATOC PET/CT the gold
standard. In particular, when compared to ''In-
Pentetreotide, Tektrotyd® showed a slightly higher sensitiv-
ity, in the presence of higher imaging quality and lower ra-
diation exposure for patients. Furthermore, revealing typical
carcinoids higher uptake on Tektrotyd® compared with
atypical and poorly-differentiated tumors, also this radio-
pharmaceutical may be used for prognostic purposes.

In our opinion, Tektrotyd”, mainly when DOTAPET is
not available, can be proposed for all indications associated
with radiolabeled somatostatin analogs (SAA) in lung NETs,
including not only diagnosis but also prognostic stratification
and recruitment of patients undergoing therapy with SAA.

#"Te-HYNIC-TOC already represents a useful imaging

radiotracer that can be used in clinical practice as an alterna-
tive diagnostic tool with respect to '''In-Pentetreotide. Simi-
larly, it could be utilized as an alternative to °*Ga-
DOTATOC in centers without the availability of a PET/CT
scanner and/or without a ®*Ge-**Ga generator.

Even using Tektrotyd®, T/NT ratio increase over time has
been confirmed as a valuable tool in receptor characteriza-
tion, being connected with a specific tumor uptake, associ-
ated with SSTR density on neoplastic cells. This behavior
may improve confidence in diagnostic and prognostic analy-
sis in lung NETs, adding useful information for a personal-
ized dosimetric evaluation in patients undergoing radio-
receptor therapy.
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Although it is not strictly the field of interest of this pa-
per, concerning NET lung tumors, the most interesting per-
spectives depending on the kinetic analysis allowed by Tek-
trotyd® could be obtained in the differential diagnosis of
non-small cells lung cancer (NSCLC) versus small cells lung
cancer (SCLC) and NETs. It has been demonstrated that
NSCLC doesn’t express in vitro SSTRs on the cellular
membrane, differently from SCLC and NETs. Conversely,
NSCLC shows an in vivo uptake, associated with activated
reactive cells surrounding the neoplasm. Using Octreoscan®,
while an increased or stable T/NT ratio is observed in pa-
tients with SCLC and NETs, a lower ratio is seen at the de-
layed scan in NSCLC, due to the wash-out of the activity
linked with mobile normal cells.

In agreement with indications suggested for Octreoscan®,
also Tektrotyd® could be proposed in evaluating activity in
pulmonary benign diseases such as sarcoidosis. Similarly,
very effective in directing a surgical strategy and/or intraop-
erative staging, could be a surgery radioguided by Tektro-
tyd® in operable lung tumors, including either NETs and
NSCLC [79].

To conclude this review, we further confirmed that also
in lung NETSs, the uptake of '*F-FDG tended to increase from
low-grade to high-grade PNETs (Fig. 7). Therefore, '“F-
FDG, non-indicated in the diagnosis of NETs because of its
low sensitivity, may be suggested for prognostic stratifica-
tion in the staging of patients in which an un-differentiation
is suspected and re-staging of patients in which a de-
differentiation is suspected.
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