
I N V I T E D P E R S P E C T I V E

Somatostatin Receptor Imaging in Patients with
Neuroendocrine Tumors: Not Only SPECT?

In this issue of The Journal of Nuclear
Medicine, Gabriel et al. (1) report their
experience with 68Ga-labeled 1,4,7,10-
tetraazacyclododecane-N,N9,N99,N999-
tetraacetic acid-D-Phe1-Tyr3-octreotide
(68Ga-DOTA-TOC) PET in a series
of 84 patients with neuroendocrine
tumors (NET). PET was more ac-
curate with a higher detection rate than
somatostatin receptor scintigraphy (us-
ing 111In-DOTA-TOC or 99mTc-labeled
hydrazinonicotinyl-Tyr3-octreotide
[99mTc-HYNIC-TOC]) and CT, pro-
viding further clinically relevant in-
formation.

NET represent heterogeneous and
complex entities derived from neuroen-
docrine cells, which are characterized
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by neurotransmitter, neuromodulator,
or neuropeptide hormone production,
dense-core secretory granules, and the
absence of axons and synapses. Their
histopathologic classification has been
revised recently (2); in particular,
a distinction was made between well-
differentiated NET, which show benign
behavior or uncertain malignant poten-
tial; well-differentiated neuroendocrine
carcinomas, which are characterized
by low-grade malignancy; and poorly
differentiated neuroendocrine carcino-
mas of high-grade malignancy. More-
over, NET were also subdivided on the
basis of their primary anatomic local-

ization, with the gastrointestinal tract
and the lung being the main sites of ori-
gin. The simplest clinical classification
is between functioning tumors—when a
specific clinical syndrome related to hy-
persecretion of hormones is observed—
and nonfunctioning tumors—when no
specific symptoms related to tumor
production are present.

NET are generally considered rare
diseases, but their incidence is believed
to be higher than reported, primarily
due to the relevant number of tumors
that go undetected, especially when
they are small and clinically silent (3).
This aspect was particularly relevant
before the introduction of radiolabeled
somatostatin analogs for NET imag-
ing, which really represented a major
breakthrough in the detection of these
neoplasms. In fact, because most NET
express a high density of somatostatin
receptors, they can be successfully vi-
sualized in vivo by somatostatin re-
ceptor scintigraphy (SRS). Moreover,
the importance of the presence of so-
matostatin receptors on NET and their
management have been established:
several studies have shown that so-
matostatin analogs have antiprolifera-
tive effects in normal tissue and NET
as well as inhibitory effects on both
normal hormone secretion and ectopic
release of bioactive products by NET
(3).

Today, after more than a decade of
experience, SRS, especially with 111In-
pentetreotide—the most widely used
radiolabeled somatostatin analog—has
become the main imaging method for
evaluating NET overexpression of so-
matostatin receptors, such as gastro-
enteropancreatic (GEP) tumors. SRS is
routinely performed for localizing the
primary tumor, evaluating disease ex-
tension, monitoring treatment effects,
determining the receptor status as a

predictor of response to octreotide ther-
apy, and selecting patients for targeted
radionuclide therapy. The results of a
European delphi consensus procedure,
aimed at establishing guidelines for
imaging standardization in NET, clearly
indicated that SRS has gained a cen-
tral role in the diagnosis of these
neoplasms, with radiologic procedures
such as CT and MRI serving well for
completion of the oncologic workup
and monitoring of treatment (4). The
reported sensitivity of SRS is 80%–
90%, and it has been found to be
superior to other diagnostic imaging
methods in identifying and assessing
the staging of GEP tumors, except for
insulinoma (3). Furthermore, numer-
ous data from the literature indicate
that SRS is able to induce a change in
the clinical management of a significant
proportion (21%–53%) of patients with
GEP tumors (3). Therefore, performing
SRS has become essential to the proper
management of patients with different
extents of GEP tumors, and it is now
recommended as the initial imaging
modality in these neoplasms.

Nevertheless, despite this high sen-
sitivity in most NET, the ability of
SRS to visualize tumor sites in vivo is
closely related to their size and is
limited especially in lesions #1 cm,
both primary and metastatic (lymph-
nodal and hepatic) ones (3,5). To
increase the sensitivity of SRS, per-
forming SPECT is mandatory, partic-
ularly when tumors are small, located
in the abdomen, and not visualized on
planar scans, as an overprojection by
other tissues or organs (liver, spleen,
kidneys, and intestines) that show
some variable individual accumulation
of the radiopharmaceutical; moreover,
SPECT is also very useful in the study
of the liver, which always shows 111In-
pentetreotide uptake (6). The reported
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specificity of SRS is high (;90%), but
it can be significantly affected by the
physiologic biodistribution of the ra-
diopharmaceutical related to the re-
ceptor status of target tissues or to its
elimination route via the kidneys and
gastrointestinal tract (3). However, the
main drawback of SRS is the un-
certainty in the anatomic definition,
which frequently makes it difficult to
precisely localize a focus of abnor-
mal accumulation and identify struc-
tures displaying normal activity. These
limitations of SRS may be alleviated
by combining nuclear medicine with
CT or MRI studies; in fact, improved
image interpretation has been obtained
by fusion of SPECT and CT data,
using external (as in the study by
Gabriel et al. (1)) or internal markers
or using a SPECT/CT hybrid device
(7,8).

Because of the superior imaging
characteristics of PET, it has been
presumed that its use would improve
the detection of NET; however, until
now, PET has not been routinely used
in NET imaging, except in some
specialized centers. In fact, 18F-
FDG—the only PET tracer that
is really widely available—frequently
fails to visualize tumors with a low
proliferation rate as many NET (9),
and high 18F-FDG uptake is observed
only in those neoplasms that show an
aggressive behavior (10). The devel-
opment of PET radiopharmaceuticals
for detecting NET is of great interest
because they can offer increased spa-
tial resolution, when compared with
SPECT, and the opportunity to evalu-
ate various aspects of NET biochem-
istry in vivo; depending on the tracer
used, it is possible to selectively mea-
sure the function of different meta-
bolic pathways or the expression of
enzymes and receptors (11). One of
the main advantages of 68Ga-DOTA-
TOC for possible routine use in this
field is that 68Ga can be produced by
an in-house 68Ge/68Ga generator with
a long half-life (270.8 d). Thus, it can
be used for more than a year, and it is
also continuously available in nuclear
medicine centers without cyclotrons
(12). Moreover, as reported by Gabriel

et al. (1), DOTA-TOC can be easily
and quickly (,30 min) labeled with
68Ga, and synthesis results in a pro-
duct with high radiochemical purity
(13). This ready preparation is an im-
portant advantage in comparison with
Na-(1-deoxy-D-fructosyl)-Ne-(2-18F-
fluoropropionyl)-Lys0-Tyr3-octreotate
(Gluc-Lys(18F-FP)-TOCA), a glycosy-
lated 18F-labeled somatostatin analog
recently proposed for PET of NET,
which requires a multistep synthesis
with an overall preparation time of
about 3 h and has limited radiochem-
ical yield (14).

Preclinical data indicated that 68Ga-
DOTA-TOC shows a very high affinity
for somatostatin receptors 2 and 5
(11). The preliminary clinical results
of Hofmann et al. (15), in 8 patients
with histologically proven metastatic
NET, demonstrated that this PET tracer,
within a period of 30–40 min after
injection, achieves higher tumor-to-
nontumor ratios than SRS. 68Ga-DOTA-
TOC identified all previously known
lesions, whereas 111In-pentetreotide
scintigraphy identified only 85%, and
furthermore detected additional small
lesions, including brain metastases.
Other important differences in compar-
ison with conventional SRS are the
lower kidney accumulation of 68Ga-
DOTA-TOC and the visualization of
small organs with physiologic somato-
statin receptors. These findings have
been then confirmed in a small group of
4 patients with NET, in which this PET
tracer was superior to 111In-pentetreo-
tide, especially in visualizing small
tumors or lesions bearing only a low
density of somatostatin receptors (16).

After these previous reports on
a very limited number of patients, the
article by Gabriel et al. (1) confirms
the feasibility and the high accuracy of
68Ga-DOTA-TOC PET as a promising
method for visualizing NET in a larger
patient population. On a patient basis,
PET accuracy (96%) was significantly
higher than that of CT (75%) and
SPECT (58%); in particular, 68Ga-
DOTA-TOC imaging results were true-
positive in 32 patients whose SPECT
findings were false-negative, and it was
able to visualize more lesions (n 5

375) than SPECT (n 5 302) and CT
(n 5 295). Furthermore, PET detected
more tumor sites than scintigraphy in
lymph nodes, in the liver and in the
bone, thus allowing an accurate staging
that is useful for proper patient man-
agement. These results provided further
clinically relevant information in 14%
of the patients compared with SPECT
and in 21% compared with CT. The
capability of influencing treatment is
of the utmost importance for a diag-
nostic method when examining NET
patients, in whom—after the diagnosis
is established—correct localization of
the primary tumor and evaluation of
the extent of the disease is essential to
determine whether curative surgical
resection, the most effective therapy, is
possible.

It is worth noting that 68Ga-DOTA-
TOC uptake was not influenced by
the functionality of the tumor; in fact,
the broad majority of patients (i.e., 57/
84) had a nonsecreting neoplasm. This
finding is significant, because 18F-
labeled 3,4-dihydroxyphenylalanine and
11C-labeled 5-hydroxytryptophan—2
promising PET radiopharmaceuticals
for NET imaging that accumulate via
metabolic mechanisms—seem to have
a limitation in detecting nonfunction-
ing tumors (17,18). Moreover, both of
these tracers are not able to provide
information about the somatostatin re-
ceptor status—that is fundamental for
treatment options. On the other hand,
a recent article evaluated the pharma-
cokinetics of 68Ga-DOTA-TOC in 22
patients with metastatic NET sched-
uled for 90Y-DOTA-TOC therapy (19)
and revealed that tumor uptake of this
tracer is influenced primarily by high
receptor binding. The metastatic le-
sions expressing somatostatin recep-
tors were visualized with a high mean
global standardized uptake value (i.e.,
8.73). Further studies are required to
define the potential clinical role of
quantitative 68Ga-DOTA-TOC in ac-
curately selecting patients for radio-
nuclide therapy and in assessing the
therapeutic outcome.

As clearly highlighted in the article
by Gabriel et al. (1), the very specific
accumulation of 68Ga-DOTA-TOC
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may represent a limitation, because the
anatomic delineation of abnormal find-
ings is not easy without image fusion and
because it may cause overinterpretation.
The systematic use of PET/CT can solve
the first potential problem in image
analysis, which, however, should be
done carefully to avoid false-positive
results in organs with physiologic
uptake, such as the pancreatic head.

In conclusion, the results of the
study by Gabriel et al. (1) suggest that
somatostatin receptor imaging using
68Ga-DOTA-TOC PET is a very prom-
ising tool for evaluating patients with
NET, showing a high diagnostic ac-
curacy, superior to conventional SRS.
PET offers better resolution than
SPECTand enables quantitative assess-
ments of radioactivity in different
tissues over time, which can be used
for radionuclide therapy dosimetry,
and a shorter duration of scan, which
is completed within 2 h from the
radiopharmaceutical injection. It is
likely that this tracer will be routinely
used in the near future: this will depend
primarily on its easy worldwide avail-
ability and the capillary diffusion of
PET/CT. However, it is necessary to
collect further data confirming the
clinical usefulness of 68Ga-DOTA-
TOC PET before it can replace SRS in
the everyday nuclear medicine practice.
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