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Gastroenteropancreatic neuroendocrine tumours (GEP-NETs) are a rare type of cancer
that can arise from the diffused endocrine system, located in the gastrointestinal (GI) tract
(carcinoids) and in the pancreas (insular tumors). Approximately 2% of all malignant tumours
of the gastrointestinal system are GEP-NETs which can express somatostatin receptors.
111
In-pentetreotide (octreoscan) and 68 Ga-DOTA NOC ( 68 Ga-labelled [1,4,7,10tetraazacyclododecane-1,4,7,10-tetraacetic acid]-1-Nal3-Octreotide) are the commonly used
radiopharmaceuticals for imaging. Once localized using 68Ga DOTA NOC or octreoscan,
these tumours can be successfully targeted with radiolabelled somatostatin analogues.
This review focuses on common nuclear medicine procedures used in both imaging and
treatment of these tumors.
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Introduction
Somatostatin was first isolated in the early 1970’s from sheep
hypothalamus as a factor inhibiting the secretion of pituitary
growth hormone and thyrotropin.1,2 As the inhibitory effect on
the secretion of growth hormone was first described, the
peptide was named somatostatin (SS) or somatotropin
release-inhibiting factor (SRIF). 1-6 Somatostatin receptors
(SSTRs) are present in several organ systems and have an
important function in the regulation of both endocrine and
exocrine secretion. 4-6 SSTRs are integral membrane
glycoproteins that are described in a variety of tissues
throughout the body. 7 SSTR are members of a distinct
subfamily of GTP-binding protein-coupled-seven-helix transmembrane spanning receptors.
Somatostatin is a 14-amino acid polypeptide hormone
with one di-sulfide bridge between 2 cysteine residues.
SSTRs are expressed in the majority of tumors of
neuroendocrine origin and in some medullary thyroid
cancers. SSTR receptors are transiently expressed during
wound healing. So far five SSTR subtypes have been identified
and cloned 8. The very short biologic half-life in blood of
somatostatin (2 to 4 minutes) allows little tumor uptake for
imaging and is therefore non favorable for imaging.
Octreotide, a more stable analogue consisting of 8-amino
acids has been developed that is relatively resistant to
enzymatic degradation. The modified analog with its longer
© Tropical Gastroenterology 2010

half-life of 1.5 to 2 hours, has permitted introducing, a
therapeutic agent for neuroendocrine tumors (NET) with
proved expression of SSRT. Octreotide binds with high affinity
to SSTR2 and SSTR5 and, to lesser extent, to SSTR 3. It does
not bind very strongly to SSTR1 or to SSTR49. The expression
of somatostatin receptors in NETs of the intestine, pancreas
and lung has led to development of the field of somatostatin
receptors targeting in oncology, for both the diagnostic and
the therapeutic level.10
GEP- NETs represent about 2% of all the GI tumors,11 but
their prevalence has increased substantially over the past
three decades, only in part as a consequence of increased
awareness and improved diagnostic techniques.12 The most
recent estimates suggest a global clinical incidence of 2.5-5
cases/100,000 per year,12-13 with an imaging incidence 2-5
times higher than the clinical one, and a slight predominance
in females.14,
The term carcinoid (from the German Karzinoide) was
introduced in 1907 by Oberndorfer to identify some ileal
tumors, originating from the enterochromaffin cells (EC) that
produce serotonin, characterized by a better prognosis in
comparison with adenocarcinomas. The term carcinoid
should be used to indicate the serotonin-secreting tumors.16
GEP NETs arise within the GI tract, but NETs can also
occur elsewhere such as in the bronchus and lung (bronchial
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epithelium), hypophysis, thyroid, parathyroids, thymus,
adrenal cortex and medulla, and paraganglia. GEP-NETs can
preserve and amplify the activity of the origin cells
characterized by secretion of a number of peptides and
neurotransmitters, which can lead to the development of
typical clinical syndromes by the so called “functioning”
tumors, or they can be biologically inactive (“nonfunctioning”
tumors).17,18 GEP NETs are usually sporadic, but they may
also be multiple and may occur in some genetic syndromes
such as multiple endocrine neoplasia (MEN) type 1, von
Hippel Lindau syndrome(VHL), neurofibromatosis type 1 and
tuberous sclerosis.19,20. Their frequency in these syndromes
varies from very low (< 1%) for carcinoid to high (80%-100%)
for pancreatic endocrine tumors (insulinomas 5%-20%,
gastrinomas 25%-30%, non-functioning > 50%).21
Clinical manifestations of GEP NETs are very
heterogeneous: indeed, they can either remain asymptomatic
for years, or can occur with obstructive symptoms, such as
abdominal pain, nausea, vomiting, cholestasis, or can
present with metastases, found accidentally, or can occur
with typical syndromes due to hormonal hyper secretion. In
most cases, because of vagueness of symptoms, the
diagnosis is delayed (3-10 years on average), with an
increased risk of developing metastases.22
The prospect of using radiolabeled receptor-binding
somatostatin analogs to target receptor-expressing tissues
in vivo offers diagnostic and therapeutic potential in nuclear
medicine. Binding to the receptor on the target cell surface
generally triggers the signal transduction mechanism of the
target cell, and the biologic effect of the ligand is transmitted
to the target tissue. The high affinity of the ligand for the
receptor promotes retention of the radiolabeled ligand in
receptor-expressing tissues, whereas it’s relatively small size
facilitates its rapid clearance from the blood stream and nontarget tissues. Tumors may over express various receptor
types depending on their origin. 23
We will review the most common radionuclide procedures
for imaging and therapy for GEP-NETs using nuclear
medicine techniques.

Radiolabeled somatostatin analogs
Several somatostatin analogs have been successfully
radiolabeled for diagnostic and therapeutic use, and others
are under development. Table 1 shows the most common
radiolabeld somatostatin analogs used for GEP-NETs. The
relative usefulness of these radiolabeld somatostatin
analogs is a function of their sensitivities and specificities of
receptor binding and the characteristics of the associated
radioisotope.
Table 1:

Common Peptides used for Somatostatin Receptor
Expressing NETs

Peptide Receptor
somatostatin
sst2

Radioligands used for NETs
In-DTPA-OC
90
Y-DOTA-TOC
177
Lu-DOTA-TATE
90
sst2, sst5
Y-DOTA-lanreotide
*DOTA:1,4,7,10-tetraazacyclododecane-1,4,7,10-tetraacetic
acid;DTPA :diethylenepentaacetic acid;111In-DTPAOC:[111In-DTPA0,DPhe1]octreotide;90Y-DOTATOC:[ 90 Y-DOTA,Tyr3] octreotide; 90 YDOTA-lanreotide:[90Y-DOTA,Tyr3] lanreotide; 177Lu-DOTATATE:[177LuDOTA0,Tyr3,Thr8] octreotate.
111

Somatostatin receptor scintigraphy (SRS)
Since there is a very high expression of somatostatin
receptors on NET cells, somatostatin receptor scintigraphy
(SRS) has improved the imaging of NETs, first with an 123I
label and subsequently with an 111In label 24.

Octreotide scintigraphy
Realizing the high diagnostic sensitivity and specificity of
octreotide scintigraphy, it was logical to bring this technique
to the surgical theater in order to localize neuroendocrine
tumors intra-operatively.
Octreotide, substituted N-terminally with DTPA, can be
efficiently labeled with 111In. The preferred dose of 111In
Octreotide (10 microgram) is about 5 to 6 mci, and planar
and SPECT images are obtained with a large-field-of-view
gamma camera equipped with a medium-energy parallelhole collimator. The pulse height analyzer windows are
centered over the 111In photon peaks (172 and 245 keV) with
a window width of 20%.
Imaging is preferably performed 24 hr after injection of
radiopharmaceutical. Images at 4 to 6 hr are also
recommended because bowel activity is limited, although
lesions may be obscured by the relatively high background
activity at this time.
Uptake of radioactivity is also observed in the pituitary,
salivary gland, thyroid, liver, spleen, kidney, and bladder. Activity
is mainly cleared from the circulation by way of the kidney,
which is a critical organ from a dosimetry point of view. The
overall dosimetry is comparable to that of other 111In labeled
radiopharmaceuticals (8-16 mSv).25
Most peptide hormone–producing tumors in the pancreas
originate from islets cells, but they may also occur in the
stomach, duodenum, and the bowel. These include
gastrinomas, insulinomas. They can be visualized and
localized using 111 In DTPA Octreotide. 26 The diagnostic
sensitivity of 111 In DTPA-Octreotide scans in patients who
have GEP-NETs has been reported to be in the range 80% to
90% , with the highest (100%) in glucagonomas 27-28, 88% in
VIPomas, 87% in carcinoids, and 73% in gastrinomas.
Sensitivities can be affected by the peptide dose
administered, the duration of image acquisition, and the use
of SPECT. Failure to visualize some insulinomas may be
related to higher-affinity binding for SSTR3 than SSTR2,5.
Adenocarcinomas of the (exocrine) pancreas are typically not
detected on octreotide scans.

PET-CT
Because of the enhanced expression of somatostatin
receptors, most NETs are visualized by functional imaging
with the 111In-labeled somatostatin receptor analog. By
identifying previously undetected metastases SRS may
instigate a change of management in up to a third of
patients.29 However, the spatial resolution of SRS is markedly
poorer than that of CT or MRI; thus, an exact topographic
description of pathologic findings is rendered difficult. Positron
Emission Tomography (PET) with integrated CT, a modern
functional imaging technology, which was shown to be very
useful in a variety of malignancies, is able to partly overcome
this difficulty. The widely used 18F-FDG is of limited value in
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NETs because these tumors usually do not show enhanced
FDG uptake.30 PET, however, offers the opportunity to design
tracers chemically close or identical to pathophysiologic
substrates, which is of great interest in NETs. Table 2 shows
the list of PET radiopharmaceuticals used for diagnosis of
NETS (available in department of Nuclear Medicine, AIIMS)
Table 2:

Most common PET Radiopharmaceuticals for NETs

Radiopharmaceuticals Target
68
Ga-DOTA-NOC
SSTRs
Affinity for
SSTRs 2,3,5
68
Ga-DOTA-TOC
SSTRsAffinity
for SSTR2
18
F-DOPA
Dopamine
production
pathway
F-FDG

18

Glycolytic
pathway

With respect of overall diagnostic performance, 18F-FDOPA
PET and SRS had a high specificity of nearly 100%. The
sensitivity 18F-FDOPA PET was approximately 85%, whereas
that of SRS was markedly lower—that is, 58%. 37,38
Figure 1,2,3,4 shows the images of NETs from Siemens
Biograph-II PET/CT available in department of Nuclear
Medicine, All India Institute of Medical Sciences, New Delhi,
India.

Indication
All SSTRs +NET
All SSTRs + NET
Pheochromocytoma,
paragangloma,
neuroblastoma, glomus
tumor, medullary thyroid
carcinoma, hyperinsulinism
All poorly differentiated
NETs

Somatostatin receptor PET-CT with
peptides

68

Ga-labeled
1a

Positron emission tomography (PET) for imaging
somatostatin receptor positive tumours is desirable because
of its improved spatial resolution. 68 Gallium a generatorproduced positron-emitting isotope is reported to be a
promising PET tracer for somatostatin receptor imaging.
Labeling of the ligand with 68Ga is easy to perform and
generator production of the tracer may ensure its continuous
availability.31
68
Gallium-labeled receptor ligands, such as 68GalliumDOTATOC, 68Gallium-DOTA-NOC, and 68Gallium-DOTA-TATE
which are used in PET and are becoming gold standard of
68
Ga-labeled peptides.32 DOTA-TOC or DOTA-NOC can be
easily and quickly labeled with 68Ga, and synthesis result in a
product with high radiochemical purity.33,34 The 68Ga-labeled
peptides show a rapid renal clearance and are rapidly
accumulated in the tumors (80% within 30 minutes);
concentration in tissues without expression of SS receptors
is low, providing higher contrast imaging. 35,36 The activity
administered in adults is 100-150 MBq (2.7-4 mCi) and
imaging is acquired 60 to 90 minutes after injection.
68
Gallium-labeled peptides, virtually all well differentiated
NETs (WHO 1-2) and other neuroendocrine tumors with high
somatostatin receptor density up to a size of a few millimeters
can be imaged and precisely localized. The poorly
differentiated NETs (WHO 3), which distinguish themselves
through a high rate of proliferation and an increased glucose
metabolism, can be better detected using 18F-2-deoxy-2-FluorD-glucose (FDG) PET/CT. The sensitivity 68Ga-labeled
somatostatin analogs PET was approximately 95%, whereas
that of SRS was markedly lower—that is, 58%. 37

1b

PET/CT with 18F-FDOPA
For the PET examination, the patients fasted for a minimum
of 2 hours but were well hydrated orally. 18F-FDOPA (300 MBq)
was administered intravenously. After an accumulation time
of approximately 40 min, PET scan from the brain to the thigh
was performed, followed by a CT scan. Visualization of basal
ganglia in brain as an in vivo quality control for the 18F-FDOPA.

1c
Figure.1

A 46-y-old man with liver metastases of GEP-NETs .Transaxial Image of 68Ga-DOTANOC. (Fig.1aTrans-axial image
of PET shows uptake of 68 Ga-DOTANOC in GEPNETS,Fig.1b Trans-axial image of PET-CT shows uptake
of 68Ga-DOTATOC in GEP-NETs and Fig.1c Trans-axial
image of CT )
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Prerequisites for somatostatin receptor mediated
radiation therapy
A prerequisite for therapy is that the absorbed dose to tumor
tissue is considerably higher than the absorbed dose to
normal tissue, either due to high uptake or long biological
half-life in the tumor tissue. During decay, a radionuclide emits
different types of radiation, i.e. electromagnetic radiation
(photons) and particles (e.g. electrons). Photons with
appropriate energy (70-400 KeV) can be used for scintigraphy,
as photons can pass through the body and be detected by a
gamma camera. Electrons can be used for therapy and are
completely stopped in tissue within their ranges (about 5nm1cm) and during retardation the electron transfers its energy
to the tissue. Absorbed dose is energy deposited per unit
mass. The risk, or in case of therapy, the possibility for tissue
damage is proportional to absorbed dose. During certain
types of radionuclide decay, auger and conversion electron
are emitted. These electrons may have very low energy, but
since the range is short, their energy is absorbed within a
small volume. The absorbed dose can, therefore, be locally
very high. After uptake into the tumor cells (internalization),
decay at a position close to the DNA may have potent cytotoxic effects.39

Radiolabeled somatostatin receptor for treatment of
GEP-NETs
GEP-NETs are usually slow growing. When metastasized,
treatment with somatostatin analogs results in reduced
hormonal overproduction and symptomatic relief in most
cases. However, treatment with somatostatin analogs is
seldom successful in terms of tumor size reduction.
A new treatment modality for inoperable or metastasized
GEP-NETs is the use of radiolabeled somatostatin analogs.
The majority of GEP-NETs posses somatostatin receptors
and can, therefore, be visualized using the radiolabeled
somatostatin analog. A logical sequence to this tumor
visualization in patients was to treat these patients with
radiolabeled somatostatin analogs. Initial studies with high
dosages of [ 111 In-DTPA 0 ] octreotide in patients with
metastatized NET are encouraging, although partial
remissions (PRs) were exceptional. This is not surprising
because 111In-coupled peptides are not ideal for peptide
receptor radionuclide radiotherapy (PRRT) because of the
small particle range and, therefore, short tissue penetration
of the Auger electrons.40-44
Another radiolabeled somatostatin analog that is used
for PRRT is 90Y-labeled peptides. The high energy emitting
E-emitting, 90Y (Eave, E=0.935 MeV) with its longer range in
tissue (Rmax = 11.3 mm), appears more suitable for therapeutic
applications.45 This is particularly true for the treatment of
larger solid tumors taking into consideration the expected
non-homogeneous distribution receptor expression.
Therefore, the increased probability of cell killing is attributed
to the cross-fire effect. However, there is a relatively high
radiation exposure to normal tissue, such as liver, kidneys,
and spleen.46
90
Y-DOTATOC, 90Y-DOTATATE, and 90Y-lanreotide are the
principal 90Y-labeled radiopharmaceuticals used for PRRT
therapy. As 90Y is a pure beta-emitter, it is fairly difficult to
conduct post-treatment, patient specific dosimetry to estimate
the tumor and organ specific irradiation doses. Alternative
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methods were therefore suggested e.g. applying
simultaneous or pre-treatment imaging studies using the
same analogue labeled with 111In or substituting 90Y by the
positron emitter86Y.47-51
Several groups have been performed using this
compound. Complete remission (CR) and partial remission
(PR) has been reported in 7% to 33% of patients with GEPNETs.52-56
The predicted absorbed doses of critical organs were
shown a wide range that were (range, 1.06-10.3 mGy/MBq)
for kidneys, (range, 0.1-2.6 mGy/MBq) for liver and (range,
1.5-19.4 mGy/MBq) for spleen.57,58 The major drawback of
90
Y-peptides is that activity administered is limited by the high
renal dose, which can preclude the achievement of a
prescribed tumor dose.
The somatostatin analogs [DOTA0, Tyr3] octreotate has a
nine-fold higher affinity for the somatostatin receptor subtype 2
compared with [DOTA0, Tyr3] octreotide in vitro. Also labeled
with the beta- and gamma-emitting radionuclide 177Lu, this
compound was shown to be successful in terms of tumor
regression and animal survival in a rat model.
The use of two radionuclides delivered unwanted
radiation and made the things very complex which required
expert worker as used with 90Y-labeled peptide therapy. 177Lu
labeled with peptides came in practice for treatment of
neuroendocrine tumors from last decade and is considered
as the most effective radionuclide.
177
Lu is E-emitter (Emax=0.50 MeV), with a long half-life
(6.73 d). It is also a ã-emitter of low-emission abundance
(113[6%] and 208 [11%] keV). These characteristics enable
imaging and therapy with the same complex and allow
dosimetry to be performed before and during treatment as
well. Comparison of its penetration range in tissue (Rmax = 2
mm) with 90Y indicates a lower cross-fire effect partially
compensated by a higher percentage of the radiation energy
absorbed in very small volumes. This makes 177Lu a good
candidate nuclide for the treatment of small tumors (<2 cm)
and micro-metastases with 177Lu-DOTATATE.59-60
Kwekkeboom et al compared the [ 177Lu-DOTAO-Tyr 3 ]
Octreotide with [ 111In-DTPA0] Octreotide in patients with
neuroendocrine tumors and found similar biologic half lives
for both radionuclides, with providing higher absorbed dose
to most tumors by 177Lu.61
The mean absorbed dose to kidneys, spleen and tumor
from 177Lu-DOTATATE and 177Lu-DOTANOC were shown in
Table 3.62
The blood clearance and urinary excretion are fast.
Dosimetric data on 177Lu-DOTATATE and 177Lu-DOTANOC
are still limited because of limited available of literature
related to these radiopharmaceuticals. 177Lu-DOTATATE
delivered high radiation to tumors with low radiation to normal
organ as compared to 177Lu-DOTATANOC and 90YDOTATOC. Dosimetry of 177Lu-DOTATAE with ranges of 1.82.7mGy/MBq to spleen, 0.3-1.0 mGy/MBq to the liver, and1.0Table 3.

Showed the Mean absorbed dose in mGy/MBq from
177
Lu-DOTATATE and 177Lu-DOTANOC62
177

Kidneys
Spleen
Tumors

Mean absorbed dose (mGy/MBq)
177
Lu-DOTATATE
Lu-DOTANOC
0.9+0.3
1.2+0.2
1.8+0.8
1.2+0.5
9.7+12.4
7.5+8.3
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Table 4:

Summary of clinical efficacy of therapeutic radiolabeled somatostatin analogs.

Literature
111
In-DTPA-octreotide : Valkemma et al52
In-DTPA-octreotide : Buscombe et al53

111

Results
SD in 53% and progressive disease status
in 47%
OR in 31%, SD in 44% (6 month). 70% of
patients showed some benefit from the
treatment
OR in 23%, CR in 5%, PR in 18%, SD in 69%,
PD in 8%. An overall 63% clinical benefit in
terms of clinical symptoms was obtained.

90

Y-DOTA-Tyr3-Octreotide : Waldherr et al55

90

Y-DOTA-Tyr3-Octreotide : Pagenelli et al54

CR in 5%, PR in 22%, SD in 49%, PD in 20%
and 4% of the patients were not evaluable

90

Y-DOTA-lanreotide : Virgolini et al56

SD in 41% regressive tumour disease in 14%

Renal toxicity, thrombocytopenia and liver
toxicity were reported in some patients. Nausea
and vomiting were observed in patients treated
with amino acids
48% patients experienced nauseas and
vomiting. Transient drop in lymphocytes was
also noted.
No severe acute or chronic haematological
toxicity, change in renal or liver function
6 patients had grade 1 and 2 haematological
toxicity and no renal toxicity

PR in 54% and SD in 46 %( 5 months).
However, 15 patients died with a mean survival
of 5 months. 46% of the patients were reported
to have benefited by this treatment
177
Lu-TATE [DOTAO-Tyr3]- octreotate:
CR in 3, PR in 32, MR in 24, SD in 44 and PD in
1 patient had renal insufficiency and 1 patient
Kwekkeboom et al61
22 patients
developed hepatorenal syndrome
[OR-objective response, CR-complete remission, PR-partial remission/response, SD- stable disease, PD-progressive disease in 8%.
MR-minor remission/response]
90

Y-DOTA-lanreotide : Buscombe et al56

Side effects
Mild and transient haematological side effects
were observed.
No evidence of significant treatment- associated
toxicity.

2.2 mGy/MBq to the kidneys. Table 4 shows clinical efficacy
of radiolabled somatostatin analogs for the treatment of
NETs. This therapy is well established in Europe (Germany
and Netherland).
Post therapy Images of 177Lu-DOTATATE of patient with
NETs confirmed from 68Ga-DOTATOC PET/CT scan (of same
patient shown in Figure1) are shown in Figure 2. These
images are acquired with Mill VG Dual Head Gamma
Camera.

Future radionuclide and peptides for PRRT
Some radionuclides investigated in preclinical studies have
given valuable results for radionuclide therapy. 166Ho, 188Re,
64Cu and 67 Cu are important future radionuclides for
treatment of neuroendocrine tumors. Bombesin derivatives
with 166 Ho and 188 Re and bombesin and somatostatin
derivatives like 64Cu-DOTA-PEG-BN are labeled. 64Cu-TETAoctreotide showed clear lesion detection and had favorable
pharmacokinetics.63
Cu-labeled peptides both 64 Cu and 67 Cu are suitable for
imaging and therapy and they might delivered optimum
radiation absorbed dose to tumors which data are limited. 6469
Other radionuclides like 211 Bi and 225 At (α-emitter
radionuclides) could be labeled with peptides and are under
labeling and pre-clinical stage.

Safety aspects and radiation protection of kidneys in
PRRT
Even though the radiolabeled peptides show fast clearance
from blood, they are localized in liver, spleen and kidneys
due to normal physiology of the body. Since no spleen toxicity
has ever been found after the therapy, it was clear from
beginning that the kidneys are the critical organs, owing to
the renal interstitial irradiation derived from tubular peptides
re-absorption as radiolabeled peptides are mainly excreted
through kidneys. The cumulative absorbed dose to the
kidneys may cause renal damage above the conventional
threshold dose of 23Gy [according to National Council on

Radiation Protection and Measurements (NCRPM) a dose of
23Gy to the kidneys caused detrimental deterministic effects
in 1-5% of patients.70
In our opinion, kidneys must be considered the doselimiting organ in receptor radionuclide therapy. As the 23Gy
limits were derived from external radiotherapy, doubts were
raised about the real threshold dose for kidney toxicity with
internal emitters: it was suggested that this might be higher
due to the different kinetics of irradiation exposure, which
typically decreases with time. There is still much to learn
about renal toxicity and its avoidance. Nevertheless, caution
is justified by the necessity to avoid renal failure, as reported
in the literature.
Since, the high kidney uptake of radiolabeled peptide and
the radio- sensitivity of renal parenchyma, appropriate
methods of reducing kidney uptake appear fully justified in
order to avoid acute or delayed renal toxicity. Sporadic cases
of delayed renal failure have indeed been observed,
especially in patients who have received > 7.4 GBq/m 2. 71-73
Various methods like saline infusion on renal radioactivity
and infusion of different amino acid solutions on renal
radioactivity have been used to protect the kidneys from
radiation.
Recent reports show that cationic amino acids, like lysine
and arginine, interfere with proximal tubule cell protein reabsorption system in general 74 and with the uptake of
radiolabeled peptides.75The mechanism of the inhibition by
these positive charged amino acids may be competition for
negative charged on the tubule cell membrane between the
amino acid and radiolabeled peptides.Hammond et al
reported inhibition of renal uptake of 111In-DTPA-octreotide in
patients with commercially viable mixture of amino acid
containing, among others, 2.46 g of lysine and 8.9 g of
arginine.76
Currently used mixtures of amino acids do have several
disadvantages, namely the induction of severe vomiting, the
risk of metabolic changes like serious hyperkalaemia and
the large volume needed because of the hyperosmolarity of
the fluid. Furthermore, administration of cationic amino acids
like arginine and lysine has been associated with serious
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3b
2a

3c
Figure 3:

2b
Figure 2

A 46-y-old man with liver metastases of GEP-NETs .Coronal
section of whole Body Image of 68Ga-DOTANOC.
(Figure 2a Coronal section of PET shows uptake of 68GaDOTANOC in GEP-NETS and Figure 2b Coronal section of
PET-CT shows uptake of 68Ga-DOTATOC in GEP-NETs )

4a

Figure 4:

3a

A 46-y-old man with liver metastases of GEP-NETs. Transaxial image of post 68Ga-DOTANOC. (Figure 3a Transaxial image of PET with 68Ga-DOTANOC shows uptake of
68
Ga-DOTANOC in Liver metastases, Figure 3b Transaxial image of PET-CT with 68Ga-DOTANOC shows uptake
of 68Ga-DOTANOC in liver metastases and Figure 3c
shows Trans-axial image of CT)

4b

A 46-y-old man with liver metastases of GEP-NETs. Whole
Body Image of post Peptide Receptor Radionuclide Therapy
with 177Lu-DOTATATE. (Fig.1a Anterior and Fig.1b Posterior
Images of post 177Lu-DOTATATE shows uptake of 177LuDOTATATE in GEP-NET and Liver Metastases)

Radiolabeled somatostatin analogs in NET
hyperkalaemia 77, as well as having the potential to cause
fatal arrhythmias. Barone et al 78 also studied different amino
acid solutions. Their data showed that with infusion of their
most effective amino acid solution, 40% higher doses of 86YDOTATOC could be administered without increasing the renal
radiation dose. Rolleman et al 79 tested various amino acid
solutions in patients receiving PRRT with radiolabeled
Octreotide in order to assess their capacity to inhibit the renal
uptake of radioactivity and their safety. Seventy-five grams of
lysine resulted in the best inhibition of renal radioactivity, but
produced unacceptably severe hyperkalaemia. It is therefore
not a suitable regimen for clinical use. The combination of
LysArg yielded the second best results with regard to inhibition
of renal radioactivity but was far safer: no serious
hyperkalaemia was found and no vomiting occurred. Thus,
inhibition of renal radioactivity, which is dose limiting for PRRT,
with the combination of 25 g of lysine and 25 g of arginine
(LysArg) is effective and safe.

Conclusion
Radiolabeled somatostatin analogs are new radioligands
that are used for staging of (recurrence of) NETs. The future
application of radiolabeled somatostatin analogs in tumor
scintigraphy may be aimed at their in vivo use as prognostic
predictors and not necessarily for localization per se. SRS is
readily available and assists in decisions about treatment
with somatostatin analogs, either unlabeled or radiolabeled.
Therefore, SRS still is an important radionuclide imaging
method in NETs. PET-CT with either 68Ga-DOTATOC or 18FFDOPA, however, is more accurate than conventional
radionuclide imaging using SRS. PRRT has proven to be a
safe and effective treatment for neuroendocrine tumors.
Present knowledge and experience indicates that it is
possible to deliver high activities, and therefore high absorbed
doses, to tumors expressing SST2 receptors, with
achievement of objective therapeutics responses. Patient
variability requires careful individual dosimetry to determine
the activity to be administered in PRRT. Radiation protection
of kidneys could be minimized by infusion of positive amino
acid (Lys-Agr). However, the value of the kidney absorbed
dose may not be sufficient to accurately predict the likelihood
of renal toxicity for individual patients. Other factors contribute
to the biologic effectiveness, including the tissue
radiosensitivity, dose rate and cycle therapy scheme.
Radiosensitizers could be used to increase the
radiosensitivity of tumors for better treatment as these
methods are common in practice in external beam
radiotherapy.
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