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Somatostatin analogue scintigraphy represents a new
technique employing radiolabelled peptides to detect
specific receptor-bearing lesions. 111Indium diethylene-
triaminopentaacetic acid-linked octreotide (111In-DTPA-
p-Phel-octreotide), also known as [11'In]pentetreotide
or OctreoScan, is now established in the management
of patients with neueroendocrine gastrointestinal tract
and pancreatic tumours, and has proved effective in
localizing disease sites in lung, breast and medullary
thyroid carcinomas, lymphomas, meningiomas and oth-
ers. In these conditions (a) the imaging of all disease
sites at a single sitting (in a proportion of patients)
thereby making further investigations unnecessary, (b)
the localization of otherwise unexpected metastatic
deposits and (c) the detection of residual disease not
found by other means suggest that [111in]pentetreotide
may be a useful adjunct in the diagnostic evaluation of
patients with somatostatin receptor-bearing tumours.

Key words: Somatostatin analogue, scintigraphy, somato-
statin receptor, diagnosis.

Introduction

First discovered as a growth hormone release
inhibitory factor in the hypothalamus in 1968,
somatostatin was successfully sequenced as a
tetradecapeptide in 1973. Somatostatin has since
been found throughout the body, particularly in the
central, peripheral and autonomic nervous system,
the D or 8 cells of the pancreas and gastrointestinal
tract and the parafollicular C cells of the thyroid.
Somatostatin functions as an inhibitor of hormone
release from somatotrophs and thyrotrophs in the
pituitary and «, B and 3 cells in the pancreas.
Somatostatin also inhibits the release of all known
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gastrointestinal tract hormones. Somatostatin is
an immunomodulator, inhibiting lymphocyte and
thymocyte proliferation and lymphocyte colony
formation while increasing the inhibition of human
leukocyte migration following exposure to anti-
gen. Somatostatin affects cytokine production and
function, reducing, for example, the production of
interferon-y from activated normal blood T lympho-
cytes. As a neurotransmitter, somatostatin appears
to play an important role in sensory perception
and learning, circadian rhythm, pain control and
normal respiration.}-3 Finally, somatostatin is an
endogenous inhibitor of cell growth.4

Somatostatin acts by binding to specific receptors
on target tissues. Somatostatin receptors (hSSTR)
have been found throughout the nervous system,
on somatotrophs, thyrotrophs and lactotrophs in
the pituitary, a, B and 8 cells of the pancreas,
activated immune ceils and lymphoid follicles and
the adrenal gland. Recently, five hSSTR subtypes
have been cloned. One or more of these have been
detected in most of the abovementioned tissues as
well as in the lung and kidney.3,5-10

Somatostatin receptor expression in
tumours

Recent attention has focused on hSSTR expression
in both benign and malignant tumours. As ex-
pected, hSSTR are expressed by tumours derived
from tissues that are targets for somatostatin,
including somatotroph, thyrotroph and endocrine
inactive pituitary adenomas, central nervous sys-
tem tumours (meningiomas, astrocytomas, oligo-
dendrogliomas and medulloblastomas), gastroen-
teropancreatic (GEP) neuroendocrine tumours and
medullary thyroid carcinoma 3.5,11-14

Through membrane-binding assays, autoradiog-
raphy and in situ hybridization, hSSTR have been
detected in small-cell lung cancer (SCLC), breast,
renal, prostatic, ovarian, exocrine pancreatic and
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colorectal carcinomas and malignancies of the
reticulo-endothelial system. Furthermore, venules
in the region of malignant tumours tend to express
high concentrations of hSSTR. Evidence from stud-
ies in breast cancer and neuroblastoma suggest that
hSSTR expression is associated with a favourable
prognosis.3.5,11-15

Growth-inhibitory actions

On binding to their extracellular domains, many
growth factors induce intracellular receptor tyrosine
kinase activity. Furthermore, a number of oncogene
products are truncated growth factor receptors,
lacking an extracellular binding domain but having
permanent endogenous intracellular tyrosine kinase
activity. This tyrosine kinase activity results in
phosphorylation of a number of tyrosine residues
on the intracellular portion of the receptor. The
" phosphorylated tyrosine residues then interact with
guanine nucleotide-binding proteins and subse-
quently ras, inducing a phosphorylation cascade
which activates transcription factors and ultimately
results in cell proliferation.16 Dephosphorylation of
tyrosine residues blocks this growth pathway. The
antiproliferative effects of somatostatin in hSSTR-
positive cell lines has been shown to be closely
linked to activation of tyrosine phosphatase activity
in vitro 1718 Further direct effects of somatostatin
on hSSTR-positive cells which may contribute to
growth inhibition include inhibition of the accu-
mulation of intracellular cyclic AMP19,20 and of the
mobilization of intracellular calcium.2! Somatostatin
may also have indirect growth-inhibitory effects by
blocking the release of trophic factors from other
tissues such as growth hormone and insulin-like
growth factor-1,22 inhibiting angiogenesis?> and
reducing the ability of cancer cells to adhere to
blood vessel walls.24

Somatostatin analogues

The best studied octapeptide analogues of somato-
statin, SMS 201995 (octreotide), BIM 23014C (so-
matuline) and RC-160 (vapreotide), have high affin-
ity for and functionally activate hSSTR2. They have
an intermediate to low affinity for the other receptor
subtypes. Despite this, RC-160 functionally activates
at least one of these, the hSSTR1 receptor.4
Somatostatin analogues have been shown to inhibit
the growth of hSSTR-positive breast cancer, SCLC,
exocrine pancreatic, colorectal, gastric and prostatic
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carcinomas in vitro and/or in vivo and hSSTR-neg-
ative tumours such as non-SCLC in viv0.3:25

SMS 201995 (octreotide) is established in the
treatment of acromegaly and GEP tumours,26-29
Recent studies have suggested that octapeptide
somatostatin analogues may also be useful in
the management of solid tumours, including gas-
trointestinal tract and exocrine pancreatic, pro-
static, SCLC and breast cancers, either alone or
in combination with cytotoxic agents. Disease
response and/or stabilization with somatostatin
analogue treatment has been observed in all tumour
types.29-34

Radiolabelled somatostatin analogue
imaging

Recent work has evaluated the potential role
of radiolabelled somatostatin analogues for the
detection and localization of hSSTR tumours in
patients through scintigraphic imaging techniques.
The initial studies focused on [123I-Tyr3]octreotide.
This agent was successfully applied in patients
to visualize meningiomas, GEP tumours, paragan-
gliomas and SCLC.35-38

There were several problems with this radio-
label. The labelling of [Tyr3loctreotide with 1231
is cumbersome and requires special skills. Na123]
of high specific activity is expensive and not
readily available worldwide. [123I-Tyr3]loctreotide
has a short effective half-life in the circulation due
to rapid clearance by the hepatobiliary system.
Also, substantial accumulation of the radiolabel
is seen in the intestines, since a major part of
[123I-Tyr3Joctreotide is excreted, unchanged, in the
bile into the bowel. This makes it difficult to
interpret planar images or single-photon emission
computed tomography (SPECT) images of the
upper abdomen.3?

These difficulties led to the development of
111In diethylenetriaminopentaacetic acid-linked oct-
reotide (111In-DTPA-D-Phel-octreotide), also known
as [111]n]pentetreotide or OctreoScan.39 1111n is rel-
atively cheap and more freely available than Nal23],
DTPA-D-Phe-octreotide may be labelled with 111In
in any nuclear medicine department using a simple
single-step procedure. 111In has a longer physical
half-life than 1231 (2.8 days versus 13.2h) which
improves scintigraphy 24 and 48h after injection.
[111In]pentetreotide has a longer residence in the
circulation than [123I-Tyr3Joctreotide (33% versus
15% of administered dose in the circulation 10 min
after injection) which may improve uptake of the ra-
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diolabel by the somatostatin receptor-bearing lesion
to be imaged. Reduced hepatobiliary metabolism of
[111In]pentetrectide makes this agent more suitable
for imaging hepatic metastases and intra-abdominal
disease.39:40

As tumour to background ratios of [11lIn]pente-
treotide are highest in animals 24h after injection,
when interference from blood pool radiation is
minimal, this time is deemed most appropriate
for the acquisition of scintigraphic images in
patients.39,40

['11In]pentetreotide studies

[111In]pentetreotide imaging has been investigated
in all tumour types known to express somato-
statin receptors.490 In keeping with the estab-
lished in wvitro data and with previous studies
using [123I-Tyr3Joctreotide, [11lIn]pentetreotide has
proved to be an effective radiopharmaceutical
agent in the detection and localization of hSSTR-
expressing tumours in man.4® The effectiveness
of [11lIn]pentetrectide scintigraphy has been es-
tablished in the management of GEP tumours
including carcinoid tumours. The radiolabel often
localizes primary GEP tumours that are unde-
tectable by other methods, including abdominal
ultrasonography, computed tomography (CT) and
magnetic resonance imaging (MRD), arteriography
and venous sampling. [111In]pentetreotide may also
detect otherwise unsuspected metastatic deposits.
The detection of both primary and metastatic
deposits at a single sitting not only contributes
to patient comfort but has led to changes in
management decisions in a significant proportion
of cases. The technique may prove valuable in
predicting whether or not a tumour, or the syn-
dromes induced by hormone secretion from the
tumour, will respond to octreotide therapy.40-44
[111In]pentetreotide is now licenced throughout
Europe for the diagnostic evaluation of patients
with GEP tumours.

We have undertaken a number of studies in pa-
tients with both neuroendocrine and non-endocrine
solid tumours, which demonstrate both the efficacy
and limitations of [111In]pentetreotide scinitigraphy
in oncology.

Small-cell lung cancer

We evaluated the efficacy of [1lIn]pentetreotide
scintigraphic imaging in staging 13 patients with

SCLC before any treatment. Following standard
staging investigations, six patients were found to
have limited disease while seven had extensive
disease. Of the seven patients with extensive
disease, four had liver metastases, four bony
involvement, one a single large brain metastasis and
one an adrenal metastasis. Scintigraphic imaging
with [111]n]pentetreotide led to the detection of all
primary sites of disease (Figure 1). This included
a patient whose primary tumour, detected at
bronchoscopy, was not visualized with chest X-ray
or CT of the thorax. In the seven patients with
extensive disease, patchy uptake within the liver,
consistent with metastatic disease, was observed
in three out of four cases (Figure 2) and skeletal
disease was detected in two out of four patients.
None of the other known sites of metastatic disease
were seen. In one patient a previously undetected
cerebellar metastasis was found, which had not
been suspected following routine staging. This was
later confirmed with a CT brain scan.

Figure 1. A large primary tumour is seen in the left
lung field in the region of the hilum (a). Pathological
uptake is also seen throughout the mediastinum, particularly
adjacent to the hilum (b) and to the right of the trachea
(c). Single-photon emission computed tomography (SPECT)
imaging further localized the disease, demonstrating not only
mediastinal adenopathy but also pathological accumulation
of the radiolabel in the sternum and thoracic spine (not
shown).

Therefore, [11lIn]pentetrectide correctly staged
nine out of 13 patients (69%), and detected five
out of 10 known metastases and one previously un-
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Figure 2. An anterior view of the abdomen showing patchy
uptake of radiolabe! throughout the liver. Physiological
uptake is seen in the kidneys, spleen and bladder.

known disease site (56%). Disease was downstaged
in four out of seven patients with extensive disease
and upstaged in one patient with limited disease.
Of the eight patients found to have metastases at the
completion of all investigations, [111In]pentetreotide
detected secondaries in four or 50%.

We subsequently assessed a further 10 patients
with SCLC. Seven of these were evaluated either
during or immediately after the first cycle of
chemotherapy. [111In]pentetreotide failed to localize
the primary tumour in one patient and detected
metastases in only one of six patients with extensive
disease. Of the remaining three patients, one was
imaged after two cycles of treatment and another
at relapse. In both cases, all sites of disease were
detected. The third patient, imaged for what was
thought to be non-SCLC, was found to have SCLC
on histological evaluation of the resected specimen
after surgery. Both standard and [111In]pentetreotide
imaging suggested limited disease.45

It is not clear why the metastases were not
visualized in all patients with extensive disease.
Non-specific uptake of the radiolabel seen in
the spleen, kidneys and urinary tract, liver and
gastrointestinal tract, pituitary and thyroid gland
may have obscured visualization of metastases
to these areas. However, the lack of uptake of
radiolabel by bone and brain deposits cannot be
explained in this way. There are a number of
possibilities. In a proportion of cases the metastatic
disease may represent a dedifferentiated clone of
the primary SCLC not expressing hSSTR. Local
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factors may also have affected individual patients,
either by downregulating hSSTR expression or,
if high local levels of endogenous somatostatin
were being produced, by blocking the receptor
site, thus inhibiting visualization of the disease. In
image-negative metastatic disease the SCLC cells
themselves may not be expressing specific hSSTR.
Rather, it may be that the primary tumour is being
visualized due to uptake of the radiolabel by
the local inflammatory response, since activated
immune cells are known to express hSSTR1021,
and/or by hSSTR which may be found in high
concentrations on peritumoural veins.13 If this is so,
then those tumours where the metastases are seen
may represent the true proportion of metastatic
SCLC expressing high-affinity hSSTR, that is, 50%

* of the patients with extensive disease evaluated in

the prechemotherapy study. This is in keeping with
the known in vitro data.3.46 Further studies have
confirmed our findings.4748

Of particular interest are the results of imaging
SCLC patients following chemotherapy (Figure 3).
Four patients imaged prior to treatment, two with
limited disease and two with extensive disease,
were re-evaluated with [11lIn]pentetreotide. A fur-
ther patient with extensive disease who was imaged
with [111In]pentetreotide after completion of his
first cycle of chemotherapy was also assessed
after completion of treatment. [111In]pentetreotide
scintigraphy revealed an area of pathological up-
take in the region of the original disease in two
patients thought to be in complete remission with
chest X-ray and CT scan. In one of these patients

“'a bronchoscopy failed to reveal any tumour.

However, an MRI scan subsequently demonstrated
an abnormality away from the bronchus suggestive
of residual disease. The patient relapsed at this site.
Therefore the technique appears to allow a more
accurate assessment of prognosis for the individual
patient following completion of chemotherapy and
may aid subsequent management decisions. Use
of this imaging modality may be of particular
importance in the evaluation of the response by
hSSTR-positive SCLC to novel forms of treatment.4

In summary, [V11In]pentetreotide scintigraphy may
be a useful complementary tool in the radiological
diagnostic evaluation of patients with SCLC, and
may have a role to play in identifying those
patients most likely to respond to somatostatin
analogue therapy. Of great significance in this
regard is the efficacy of this agent in detecting
residual SCLC disease, suggesting that treated SCLC
tumours continue to express hSSTR. This lays
the groundwork for an evaluation of the use of



Radiolabelled somatostatin analogue scintigraphy in oncology

AMT HERD

AMT REBELOD

somatostatin analogues as therapeutic agents in
the treatment of patients with chemotherapeutically
debulked SCLC disease.4?

Extrapulmonary smali-celi carcinomas

Extrapulmonary small-cell carcinomas of the gas-
trointestinal tract and pancreas are rare aggressive
tumours associated with a poor prognosis. Like
SCLC they express neuroendocrine features and
respond to chemotherapy. We have reported two
cases of extrapulmonary small-cell carcinomas im-
aged with [11lIn]pentetreotide (Table 1). The first
patient developed her tumour on a background
of multiple endocrine neoplasia type 1. Imaging
with [111In]pentetreotide localized the gastrinoma
and all carcinoma sites detected by standard staging
procedures at a single sitting. Treatment with
doxorubicin, cyclophosphamide and etoposide re-
sulted in a partial remission. [!!lIn]pentetreotide
imaging after chemotherapy detected all residual
sites of disease. The second patient presented with
a gastric cardia tumour extending submucosally
into the lower oesophagus. [1lInjpentetreotide
imaging failed to localize the tumour. Therefore
it appears that extrapulmonary small-cell carcino-
mas may express hSSTR, allowing imaging with
[111[n]pentetreotide before and after chemotherapy,

Figure 3. Anterior planar im-
ages of the head and neck,
thorax, abdomen and pelvis
of a patient after two cycles
of chemotherapy for small-cell
lung carcinoma. Physiological
uptake of the radiolabel is
seen in the thyroid (a), liver
(b), spleen (c), kidneys (d),
bowel (e), bladder (f) and pi-
tuitary (g). Pathological accu-
mulation is seen in the medi-
astinum (1), the right hilum (2)
and the left hilum (3).

AT PELYIS

demonstrating the efficacy of this technique in
monitoring tumour response to treatment.45.50

Table 1. Summary of lung and extrapulmonary small-celi carci-
noma (n=25) imaging data.

Sites of disease (no.)

Standard imaging  [1"1in]Pentetreotide

Primary 24 23
Liver/adrenals 11 6
Bone 7 4
Brain 1 1t

[11In]Pentetreotide imaging detected an intrathoracic primary
small-cell lung cancer not seen on computerized tomography
scan* and an otherwise unsuspected cerebellar metastasist.
However, known, radiologically detected metastases were not
visualised in seven out of 15 patients. [111In]Pentetreotide imag-
ing failed to detect sites of disease in two patients.

Non-small-cell lung cancer

Of 23 patients imaged with non-SCLC, 20 had
the procedure performed as part of the pre-
operative assessment. [111In]pentetreotide detected
the primary tumour in all patients, correctly staging
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the disease in 17 patients. Of the three patients
incorrectly staged, two were as the result of
false-positive uptake in benign lesions. Pathological
accumulation of the radiolabel, interpreted as
non-SCLC metastatic disease, was seen in a thyroid
nodule in one patient and in the mediastinum
in another. Postsurgical evaluation of the thyroid
nodule revealed a colloid cyst. Histological review
of the lymph nodes in the patient with mediastinal
uptake revealed granulomatous disease, recently
reported to express hSSTR.5! In the third case the
tumour appeared smaller on [1lIn]pentetreotide
imaging than on CT scanning and at surgery. On
the other hand, disease spread was seen with
[11In}pentetreotide imaging in one case that was
not initially suspected. In a further patient a small
primary squamous cell cancer not visualized on
chest X-ray or CT scan but found at bronchoscopy
was localized with SPECT scintigraphy.

Three patients were imaged with known dissem-
inated disease. The metastatic sites were visualized
in all cases (Figure 4a and 4b). Two reported studies
have confirmed the efficacy of [11lIn]pentetreotide
imaging in primary non-SCLC, with detection of the
pulmonary lesion in 40 out of 40 and 10 out of
13 patients, respectively.47.48 However, mediastinal
and distant metastases were frequently missed in
patients with known metastatic disease.

The finding of uptake in the non-SCLC tumours
in these studies is unexpected, as the analysis
of xenografts grown from non-SCLC cell lines
and freshly resected tumour specimens, using cell
membrane preparations and autoradiography, had
failed to reveal hSSTR.3 We evaluated membrane
preparations of freshly frozen non-SCLC tumour
specimens resected from three patients, two of
whom had had their tumours visualized with
[111In]pentetreotide prior to surgery. In all three
samples we detected the presence of high-affinity
hSSTR. A histological assessment of the samples
before the binding assay showed them to be
composed of tumour cells and necrotic tissue,
stroma and/or inflammatory cells. Therefore we
concluded that the hSSTR may have been on tissues
other than the cancer cells.# The strongest evidence
for the presence of specific hSSTR in non-SCLC is
the demonstration by Fujita et al52 of hSSTR1 and
hSSTR2 messenger RNA in non-SCLC cell lines.

Bronchial carcinoid disease

We recently reported the successful localization of
the primary tumour in two patients with bronchial
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Figure 4. (a) Anterior planar image of the thorax of a
man with non-small-cell lung cancer showing pathological
accumulation of the radiolabel in the left lung consistent with
a tumour extending from the hilum (1); (b) a lesion present
in the left hip of the same patient (2).

carcinoid disease (Figure 5).533 In one of these,
membrane preparations from the resected speci-
men were analysed for hSSTR and a single class of
high-affinity hSSTR was identified.4®

Medullary thyroid carcinoma
In a recent study, we reported the successful lo-

calization of recurrent/metastatic medullary thyroid
carcinoma in four out of five patients, using 111In-
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Figure 5. Single-photon emission computed tomography
(SPECT) image of a patient with a bronchial carcinoid
tumour not localized with planar imaging. The tumour was
found to express high-affinity somatostatin receptors when
evaluated following surgery.

labelled anticarcinoembryonic antigen monoclonal
antibody fragments.54 We subsequently reassessed
four of these patients with [!1lIn]pentetreotide
imaging. In all four patients metastatic disease
was localized, including mediastinal disease in
the patient who had had a negative scan in
the previous study (O’Byrne et al., unpublished
data, 1993). Further studies have demonstrated
that tumour sites may be localized in the majority
of patients with medullary thyroid carcinoma 5557
However, the technique is insensitive in detecting
liver metastases and intrathyroidal tumours due
to physiological uptake of the radiolabel in these
sites. Furthermore, false-positive results may be
obtained due to the localization of other pathologi-
cal processes that express hSSTR. The visualization
of medullary thyroid carcinoma in vivo correlates
with the presence of hSSTR in vitro. Serum calci-
tonin : carcinoembryonic antigen ratios in patients
whose tumours are detected during scintigraphy are
higher,55-57 suggesting that hSSTR are present on
more differentiated medullary thyroid carcinomas.
Finally, [11'In]pentetreotide imaging may have a
particular use in the identification of patients with
medullary thyroid carcinoma who have multiple
endocrine neoplasia type IIB syndrome in whom
the detection of associated phaeochromocytomas
has been reported.55-57

Results of somatostatin analogue imaging
in other tumour types

Pituitary adenomas

Membrane binding assays, autoradiography and
in situ hybridization, have been able to demon-
strate hSSTR on the vast majority of somatotroph
adenoma samples and cell lines in vitro. There
is a close correlation between preoperative sup-
pression of growth hormone with octreotide and
the subsequent detection of somatostatin recep-
tors on surgically resected specimens from these
patients.311,1240 A significant proportion of non-
functioning pituitary tumours have been found
to express hSSTR. Again, it is the hSSTR-positive
subgroup of patients who are likely to respond
to octreotide treatment. In a study of four pa-
tients, long-term high-dose octreotide treatment
resulted in a significant reduction in gonadotrophin
levels in two of the four and an improvement
in the visual field defects in three. However, a
substantial reduction in tumour size was not seen.
[111In]pentetrectide imaging may localize these
tumours in vivo.4058 It is interesting that thyroid
stimulating hormone-producing adenomas have
also been detected in vivo.40 Nevertheless, there are
a number of drawbacks to [111In]pentetreotide pitu-
itary imaging. First, the normal pituitary expresses
hSSTR and may be visualized. Second, pituitary
metastases from hSSTR-positive malignancies such
as SCLC, lymphomas and parasellar meningiomas
may be imaged, reducing the differential diagnostic
capacity of [111In]pentetreotide. 4058

Breast cancer

In vitro studies suggest that a significant proportion
of breast tumours express hSSTR.32 A recent study
reported the localization of primary breast tumours
in 39 out of 52 patients (75%) imaged with
[111In]pentetrectide. Following surgery, in vitro
autoradiography of 30 of these tumours with
[125]-Tyr3Joctreotide confirmed that 28 were hSSTR-
positive. Invasive ductal cancer was significantly
more likely to express hSSTR iz vivo than invasive
lobular cancer (p< 0.05). Likewise, T2 tumours were
more likely to be imaged than T1 lesions (p<0.05).
Nonpalpable axillary lymph nodes were seen in
four out of 13 patients with subsequently con-
firmed metastases. After a mean follow-up period
of 2.5 years radiolabelled somatostatin analogue
scintigraphy in 28 out of 37 patients with an original
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in vivo hSSTR-positive tumour revealed areas of
pathological accumulation of the radiolabel in eight
patients, two of whom had confirmed metastatic
disease. The technique is therefore a sensitive
method of detecting hSSTR-positive breast tumours,
localizing otherwise unsuspected metastatic sites
of disease in"a proportion of patients. Given
the recent encouraging antiproliferative effects of
somatostatin analogues on hSSTR-positive breast
cancer lines in vitro and in vivo as well as the
promising results of a number of clinical trials,
[111In]pentetrectide scintigraphy may be found
useful in the selection of patients for treatment with
somatostatin analogues.59

Lymphomas

Given the knowledge that cells and neoplasms of
lymphoid origin express hSSTR,1021 recent studies
have focused on the use of [}1lIn]pentetreotide
in the pretreatment and follow-up evaluation of
patients with Hodgkin’s and non-Hodgkin’s lym-
phomas. The results to date have been encour-
aging. Because total body scanning is performed,
[111In]pentetreotide may be able to detect clinically
non-suspicious lesions earlier. Neither radiotherapy
nor chemotherapy influence the sensitivity of
this imaging. When the first scans reveal hSSTR-
positive disease, residual disease after treatment
is also hSSTR-positive. Therefore the radiolabel
may be used to monitor response to therapy as
for SCLC and extrapulmonary small-cell carcinoma.
Furthermore, [11lIn]pentetreotide may be able to
distinguish between benign and malignant tissue,
particularly in the presence of a residual mass
after therapy, which is not possible using ul-
trasound, CT or MRL40.60-62 Therefore it appears
that [111In)pentetreotide scintigraphy may become
a complementary technique in the radiological
diagnostic evaluation and follow up of patients with
malignant lymphoma.

Neuroblastomas and phaeochromocytomas

Recent evidence suggests that approximately 75% of
phaeochromocytomas and over 50% of neuroblas-
tomas express hSSTR. In keeping with these find-
ings, octreotide has been shown to significantly re-
duce catecholamine levels in patients with chromaf-
fin cell tumours,$3 and to inhibit cyclic AMP accu-
mulation and clonal proliferation of hSSTR-positive
neuroblastoma cell lines.1’3> Phaeochromocytomas
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have been visualized using [11lIn]pentetreotide.
Unfortunately, due to high uptake in the kid-
ney (the principal route of radiolabel excretion),
visualization of primary adrenal phaeochromocy-
tomas with [11lIn]pentetreotide scintigraphy may
be impeded.39.40 Nonetheless, recent work has
indicated a potential use for the radiolabel in this
condition.64 [111In]pentetreotide scintigraphy was
compared with meta-iodobenzylguanidine imaging
in patients with malignant phaeochromocytoma.
The uptake of meta-iodobenzylguanidine was more
intense than that of {111In]pentetreotide. However,
while meta-iodobenzylguanidine imaged signifi-
cantly more sites of disease, a number of foci were
seen only with octreotide imaging. It was concluded
that [111In]pentetreotide imaging may be useful in
identifying sites of metastatic malignant phaeochro-
mocytoma, particularly in meta-iodobenzylguani-
dine image-negative tumours.4.64 In keeping with
the in vitro data, [11lIn]pentetreotide imaging is
also effective in detecting neuroblastoma, localizing
disease sites in up to 89% of cases studied.40

Ectopic Cushing’s syndrome

hSSTR scintigraphy has been evaluated in patients
with Cushing’s syndrome secondary to ectopic
adrenocorticotrophic hormone- or corticotrophin-
releasing hormone. In two studies the primary
tumour was located in nine out of 11 patients.
Normal scans were obtained in eight patients with
corticotrophin-secreting pituitary adenomas and
one with an adrenal tumour. These results suggest
that hSSTR imaging can be included as a diagnostic
step for patients with suspected ectopic adrenocor-
ticotropic or corticotrophin-releasing hormone-se-
creting tumours and their metastases.55.66,

Miscellaneous

In vitro data suggest that all meningiomas and
a proportion of other well-differentiated central
nervous system tumours express somatostatin re-
ceptors.5111240 Meningiomas (100%) and astro-
cytomas (66%) have been successfully localized
with radiolabelled somatostatin analogues.40,67,68
Indeed, Maini et al$” have demonstrated that
[*11In]pentetreotide can be used to discriminate
between meningioma and acoustic neuroma and
concluded that [113In]pentetreotide imaging is a safe
and rapid test that can increase the specificity of
traditional neuroimaging procedures.
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In accord with results using [123]-Tyr3]octreotide,
[111In]pentetrectide has proved effective in detect-
ing neuroendocrine tumours of the head and neck,
including carcinoid of the larynx, Merkel cell car-
cinoma and paragangliomas. As described for GEP
tumours, SCLC and lymphomas, [111In]pentetreotide
scintigraphy not only localizes clinically suspected
lesions but also detects multicentricity and distant
metastases. In this context, and with paragan-
gliomas in general, [1lIn]pentetreotide imaging
could be used as a screening test to be followed
by more conventional imaging with CT, MRI or
ultrasound of the sites at which abnormalities are
found. Further work has confirmed that radiola-
belled somatostatin analogue imaging is a simple
and sensitive method for the in vivo localization
of Merkel cell tumours and has an equal or even
greater sensitivity than CT or ultrasound.40.69,70

Approximately 72% of renal cell carcinomas
express somatostatin receptors in vitro.7! Because
renal cell cancers are also highly angiogenic,
the angiogenesis-inhibiting somatostatin analogues
may be useful in the management of these tumours.
In accord with in vitro data, [11lIn]pentetreotide
imaging has detected renal cell cancer lesions in
43% of patients assessed. As with other tumours,
the radiolabel may make it possible to predict those
tumours that are likely to respond to somatostatin
analogue therapy.72

Future directions
Novel radiolabelled somatostatin analogues

The successful application of [1lIn]pentetreotide
imaging in oncology has led to research into
novel radiolabelled somatostatin analogues. These
efforts have concentrated on the development of a
radiolabel capable of detecting receptor subtypes
not readily visualized with [111In]pentetreotide and
on making somatostatin receptor imaging safer and
cheaper.

One of the products of this research is [111In-
DTPA-D-Phel]RC-160. Compared to [!1lin]pente-
treotide the new radiolabel shows a higher ratio of
blood/background to tumour activity and therefore
has no advantage over [!1lIn]pentetrectide in the
visualization of tumours that bind both analogues.
However, recent reports have suggested that hSSTR
subtypes present on breast, ovary, exocrine pan-
creas, prostate and colon cancer will differentially

bind RC-160 but not octreotide. In these tumours
[111In-DTPA-D-Phel]RC-160 may be of value as a
radiopharmaceutical agent for imaging hSSTR-posi-
tive tumours that do not bind octreotide.”3

A further novel analogue is [DFOJoctreotide
(SDZ 216-927), which consists of desferrioxamine
B coupled to octreotide via a succinyl linker. This
conjugate can be labelled with 67Ga for scintigraphy
or 68Ga for positron emission tomography (PET)
scanning. In rats bearing an hSSTR-positive pan-
creatic tumour and injected with 20MBq [67Ga-
DFOlJoctreotide, the accumulation of the radiolabel
after 1h was 0.3810.08% injected dose/g, and the
tumour : non-tumour ratios for blood, muscle, liver
and intestine were 2.5, 7.4, 1.9 and 1.6, respectively.
PET studies with [68Ga-DFOJoctreotide recorded
a very rapid accumulation at the tumour and a
subsequent residence half-life of approximately 6 h,
suggesting that this agent may be used to diagnose
hSSTR-positive tumours.74

Finally, attempts have been made to couple
octreotide with technetium-99m which is safer
to handle and significantly cheaper than 111In,
The new derivative of octreotide, SDZ219-387,
readily chelates technetium-99m under mild la-
belling conditions in good yields. Unfortunately,
the radioligand is highly lipophilic and is ex-
creted mainly through the hepatobiliary system.
As a consequence, [#MTc]SDZ219-387 exhibits
increased background activity and is therefore
inappropriate for the visualization of somatostatin
receptor-positive tumours and/or their metastases
in the abdomen.?5

Peroperative localization of hRSSTR-positive
tumours

The use of a probe designed to detect y-ray
emitting radionuclides bound to a specific molecule
of a tumour cell may provide an accurate tech-
nique for localizing primary tumours and their
metastases at surgery. Surgical probes have been
developed to detect both [125I-Tyr3loctreotide and
(111In]pentetreotide bound to hSSTR-bearing tu-
mours during an operation with encouraging results
in medullary carcinoma of the thyroid, midgut
carcinoid tumours and endocrine pancreatic tu-
mours. Further studies are required to validate
the encouraging preliminary results and to assess
the impact of this technique on the duration of
symptom control and survival.76-79
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Radiotherapeutics

The possibility of using a radiolabelled chelated
somatostatin analogue as a radiotherapeutic agent
in treating somatostatin receptor-positive SCLC
tumours is an exciting prospect for the future. As
somatostatin analogues are based on sequences of
host-circulating hormone they rarely induce immu-
nization. The accumulation of [111lIn]pentetreotide
in gastrointestinal APUDomas is between 0.0123
and 0.2% of the administered dose per gram of
tumour tissue. The rapid clearance of the radiolabel
from the blood, the relatively low accumulation in
the liver (1.9 and 2.2% of the dose administered
after 4 and 24 h, respectively) resulting in a rela-
tively low rate of excretion into the gastrointestinal
tract and, finally, predominantly renal clearance
are advantageous. However, the level of renal
accumulation and the relatively long renal effective
half-life will iimit the maximally applicable radiation
dose. Investigations into procedures which would
lower the renal accumulation of the radiolabel are
ongoing.40

Conclusion

In conclusion, radiolabelled somatostatin analogue
imaging is the first in what promises to be a long
line of radiolabelled peptides which will allow
the detection of specific receptor-bearing lesions
in patients. The imaging of all disease sites at
a single sitting, thereby making further investiga-
tions unnecessary, the localization of otherwise
unexpected metastatic deposits and the detection
of residual disease not found by other means
suggest that [11lIn]pentetreotide may be a useful
adjunct in the diagnostic evaluation of patients with
hSSTR tumours. Moreover, somatostatin analogue
scintigraphy may be useful in the selection of
. patients for somatostatin analogue therapy, either
alone or in combination with cytotoxic agents.
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