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Neuroendocrine tumours (NETs) are a
clinically diverse group of tumours which
commonly affect the gastroenteropancre-
atic tract and lungs. They are rare, with an
incidence of 2-5/100,000, but this figure is
rising due to improvement in biochemical
assays. NETs comprise carcinoid tumours
and various pancreatic tumours such as
gastrinoma, insulinoma, VIPoma, gluca-
gonoma and somatostatinoma. Tumours
may be benign or malignant and up to two-
thirds secrete hormones and tumour-spe-
cific markers such as chromogranin A,
5-hydroxyindoleaceticacid, gastrin, serot-
onin and neurokinin A. Prognosis is highly
variable, with five-year survival ranging
from 19% in metastatic disease to 93% in
local disease.! NETs are of interest due to
their expression of cell membrane receptors
that contribute to their detection and treat-
ment. A minority of NETs are associated
with genetic and hereditary syndromes such
as multiple endocrine neoplasia type 1.

The diagnosis of NETs has been vastly
improved by increased efficiency and speed
of relevant biochemical screening tests,
making it possible to diagnose patients at an
early stage of the disease. However, the
accurate localisation required for surgical
planning, follow-up and assessment of
response to therapy relies on a combination
of anatomical and functional imaging.

Conventional imaging

Conventional anatomical imaging is usu-
ally undertaken as part of the initial work-
up of patients with NETs which may
include a combination of:

+ ultrasound (US)

+ computed tomography (CT)

+ magnetic resonance imaging (MRI)

+ angiography

+ endoscopic retrograde cholangio-pan-
creatography (ERCP).

US scanning is useful but highly user-
dependent, with reduced sensitivity due to
interference of bowel gas. Endoscopic US
and ERCP can overcome this limitation
but are relatively invasive. Contrast-
enhanced CT and MRI are reliable tech-
niques for assessing pancreatic tumours,
but both procedures have suboptimal sen-
sitivity in the diagnosis and staging of
NETs due to the small tumour size and
multiple disease sites characterising this
group of tumours.

A major drawback in assessing treatment
response using cross-sectional imaging is
the inability to assess metabolic viability
within an anatomical residual mass.
Angiography is useful in the detection of
small islet cell tumours by selective arterial
catheterisation and portal venous sam-
pling, but is an invasive procedure. By
comparison, functional imaging that tar-
gets receptor binding of radiolabelled pep-
tides has shown high sensitivity and spe-
cificity, facilitates whole body imaging, and
can be used to assess disease activity and
response to therapy.

Functional imaging of
neuroendocrine tumours

Functional imaging of NETs exploits the
fact that the vast majority express somato-
statin receptors on their cell membrane.
Somatostatin is a cyclic hormone expressed
in the central and peripheral nervous
system, inhibiting the release of hormones
such as glucagon and insulin by binding to
G-coupled somatostatin receptors.? Five
human somatostatin receptors (hSSTR1-5)
have been identified, of which hSSTR2 is
the most commonly expressed on NET cell
membranes.

A number of synthetic peptides such as
octreotide have somatostatin agonist
activity through the mechanism of receptor
binding and are used to treat NETs. In the
early 1990s, a radiolabelled version of
indium-111-DTPA-DPhel-
octreotide (''In-octreotide), which has a
high affinity for hSSTR2 and hSSTR5, was
introduced for somatostatin receptor

octreotide,
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imaging (SSRI).>* !n-octreotide is
injected intravenously (iv) and whole-body
images obtained four and 24 hours later,
with additional single photon emission
tomography (SPECT) over areas of interest.
Physiological uptake is seen in the spleen,
kidneys and liver, with minimal uptake in
pituitary and thyroid glands (Fig 1). The
bowel and gallbladder may accumulate
tracer in late images and are major pitfalls
in the search for gut primary or metastatic
liver lesions.

Fig 1. Anterior whole-body image of
"MIn-octreotide, with normal
physiological uptake in the spleen, liver,
kidneys and urinary bladder.
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The largest body of experience with!!!In-
octreotide is from the Rotterdam group
which performed SSRIin over 1,000 patients
with NETs. They demonstrated 100% sen-
sitivity for gastrinoma and glucagonoma,
96% for carcinoid and 69% for insuli-
noma.’ Subsequently, !''In-octreotide was
established as the imaging method of
choice for diagnosis and follow-up of NETS,
aided by parallel developments in gamma
camera hardware and a wider use of SPECT
to improve image resolution.

Inevitably, cumulative experience of
imaging with "'In-octreotide showed sev-
eral drawbacks adversely affecting its diag-
nostic accuracy. Despite the universal use
of SPECT, image resolution was not ade-
quate to pick up lesions smaller than 1 cm
due to the inherent physical qualities of
n, This, coupled with the realisation
that the affinity of octreotide to hSSTR2 is
limited, means that lesions adjacent to
areas of physiological uptake such as the
spleen and kidneys are difficult to detect. In
addition, the two-day imaging protocol
is inconvenient for both patients and
doctors.

An alternative radiopharmaceutical,
iodine-123 metaiodobenzylguanidine
('21-mIBG) is also used in the detection
of gastroenteric NETs that express the
noradrenaline transporter. In addition to
the imaging drawbacks listed above,
however, it exhibits a lower sensitivity
than "'In-octreotide (49% vs 91%)° and
uptake may be compromised by drug
interference.

PET/CT imaging of
neuroendocrine tumours

To overcome the limitations of SPECT
radiopharmaceuticals, radionuclide NET
imaging is now undertaken by hybrid posi-
tron emission tomography (PET)/CT
which offers higher spatial resolution and
better anatomical localisation. PET/CT
imaging has revolutionised the manage-
ment of cancer by improving resolution to
approximately 5 mm, allowing detection of
small lesions and by fusing functional data
with simultaneous CT for accurate localisa-
tion. PET/CT is currently an essential diag-
nostic and follow-up tool for a vast number
of cancers, particularly lymphoma,
melanoma, lung and colorectal cancer.
The first PET radiopharmaceutical to be
used for detecting NETs was fluorine-18
("8F-FDG), which
accumulates in lesions with high metabolic

fluorodeoxyglucose

rates and glucose utilisation. '8F-FDG was
found to be useful in detecting NETs’ but is
limited to the minority of tumours that are
undifferentiated and behave aggressively.
Several studies have shown that 8F-FDG is
more sensitive than ''In-octreotide in the
detection of poorly differentiated NETs but

less sensitive for well-differentiated

tumours.’

Fluorine-18  -L-3,4-dihydroxypheny
lalanine (*¥F-DOPA) has been used in NET,
based on its biochemical pathway in
dopamine synthesis, uptake being propor-
tional to tumour cell metabolism. Hoegerle
et aP found a high (65%) sensitivity for

Neuroendocrine tumours (NETs) are slow growing but potentially malignant,
increasing in incidence due to advances in hormone and tumour markers assays

improving detection

Conventional imaging is routinely used for localisation but sensitivity is suboptimal

due both to small size and spread of lesions

Functional imaging with indium-111-octreotide has better sensitivity than conventional
imaging and detects increased expression of somatostatin receptors by tumours

New peptides with higher detection rates, labelled to positron emitting radionuclides,

have been introduced for PET/CT imaging

Gallium-68-peptides PET/CT is the new gold standard in imaging NETs with sensitivity

and specificity well beyond 90%
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BE-DOPA in detecting NETs compared
with 29% sensitivity for ®F-FDG and 57%
sensitivity for ''In- octreotide. However,
BE-DOPA has a major drawback of physi-
ological uptake in the pancreas, making it
less sensitive for the detection of small pan-
creatic lesions. It is also difficult and expen-
sive to produce, and remains a research tool
in the UK.

Carbon-11-hydroxytryptophan (!'C-5-
HTP) targets the serotonin production
pathway!? and was shown to be superior to
Hn-octreotide, CT and *F-DOPA in the
detection of NETs. Unfortunately, the short
half-life of ''C (20 min) restricts its use to
facilities with an on-site cyclotron for radi-
oisotope production.

PET/CT with gallium-68 peptides

The success in imaging NETs with PET/CT
reached its climax with the introduction of
gallium-68-peptides in 2001.!! The two
major factors contributing to this break-
through were the development of a gal-
lium-68 (°8Ga) generator and the introduc-
tion of new somatostatin agonist peptides
with very high affinity to hSSTR. The small
size of the ®®Ga generator eliminates the
need for a costly cyclotron facility, while its
long half-life of 270 days ensures a daily
supply of ®Ga for at least one year. This
provided an opportunity for departments
with standard radiopharmacies to exploit
this advanced imaging approach.'?

Different °Ga-labelled peptides (®*Ga-
Dotatate,®*Ga-Dotatoc and *®Ga-Dotanoc)
were soon introduced into clinical practice
and proved to have very similar efficacies.
The images are of high clarity and sensi-
tivity due to early washout of surplus pep-
tides from the body, allowing a short
imaging time of about 25 min. NETs that
are easily missed or appear equivocal on
Un-octreotide  show clearly on
%8Ga-Dotatate (Fig 2). In a study by Gabriel
et al'® on 84 patients with NETs comparing
%8Ga-Dotatoc, !'In-octreotide and CT,
%8Ga-Dotatoc showed 97% sensitivity, 92%
specificity and 96% accuracy and had a
major impact on management.

A study by Kayani et al'* of ®*Ga-Dotatate
and 8F-FDG PET/CT in 38 NET patients
found a higher sensitivity (88%) for
68Ga-Dotatate,

particularly in well-
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differentiated tumours, compared with 8F-
FDG PET/CT (66%). Other PET radiop-
harmaceuticals were also found to be infe-
rior to ®8Ga-peptides.”

Ambrosini et al'® compared "*F-DOPA
and %Ga-Dotanoc in the evaluation of
NETs. ®Ga-Dotanoc was positive in all 13
patients while '8F-DOPA was positive in
only nine of 13.

%8Ga-peptides are also useful in neuroec-
todermal tumours, a group of related con-
ditions that includes phaeochromocytoma
and paraganglioma, which also demon-
strate. hSSTR on their cell membrane.
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Results from our group showed a higher
sensitivity compared with conventional
125]-mIBG, imaging, particularly in aggres-
sive head and neck tumours.!”!8

One of the interesting aspects of
%8Ga-peptides PET/CT imaging is their
ability to detect early bone involvement
not discernible using CT or MRI
(Fig 3)'19,20
%8Ga-peptides could therefore have a sig-

Early imaging with

nificant positive impact on NET staging
and consequent management.

The success of receptor imaging with
radiolabelled peptides has paved the way
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Fig 2. A 75-year-old female with carcinoid and liver metastases confirmed on CT (not
shown): (a) Anterior image of """In-octreotide shows equivocal lesion in the right lobe of the
liver. Uptake noted in bowel loops is a normal variant. (b) Equivalent image of ®8Ga-Dotatate
shows two well-defined metastatic lesions in the liver. Bowel uptake is much less pronounced

than in "'In-octreotide imaging.

Fig 3. A 31-year-old male with metastatic neuroendocrine tumour: (a) CT shows normal
texture and attenuation of pelvic bones. (b) Fused 68Ga-Dotatate PET/CT shows three bone
metastases in the sacrum.
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for further radionuclide imaging possibili-

ties that are currently under development,

targeting, for example, cholecystokinin,

gastrin, glucagon and bombesin receptors.
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