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Abstract. Complete staging is mandatory for the man-
agement and therapy of neuroendocrine tumours. Vari-
ous radiotracers are available but the best imaging strate-
gy has yet to be defined. In this study we retrospectively
compared 123|-MIBG, 11n-[p-Phel]-DTPA-octreotide
and 18F-FDG (PET) imaging in 15 patients with meta-
static neuroendocrine tumours (11 carcinoid tumours, 4
paragangliomas). Planar images were acquired 1, 4, 24
and 48 h following the injection of 1In-[p-Phe!]-DTPA-
octreotide and 1231-MIBG. Whole-body PET scans were
performed 45 min after injection of 18F-FDG. Mn-[p-
Phel]-DTPA-octreotide was positive in 11/15 patients
and identified 44 lesions, 18F-FDG PET was positive in
11/15 patients and identified 107 lesions and 123|-MIBG
was positive in 8/15 patients and identified 67 lesions.
No single scintigraphic technique identified all metastat-
ic sites. In one patient all studies were negative. 18F-
FDG PET identified more abnormal sites than the other
two modalities. Combination of all three imaging modal-
ities with X-ray CT helps to provide a more comprehen-
sive map of the disease.
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Introdcution

Neuroendocrine tumours are derived from the diffuse
neuroendocrine system, which is made up of peptide-
and amine-producing cells with different hormonal and
metabolic profiles depending on their site of origin [1].
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The term “neuroendocrine tumour” has been applied
specificaly to those tumour cells that are characterised
by the presence of secretory granules, which represent
storage vesicles of either hormones or peptides. Phaeo-
chromocytomas, paragangliomas, carcinoid tumours,
medullary carcinomas of thyroid and pancreatic endo-
crine tumours [1, 2], fal into this category. In this study
we addressed the issue of imaging malignant paragang-
liomas and carcinoid tumours.

The presentation of these tumours is diverse, being
related to autonomous hypersecretion of characteristic
hormones from their tissue of origin and non-specific
neoplastic behaviour such as local invasion and distant
spread of disease. Paragangliomas are uncommon neo-
plasms, and malignancy is rare and typically defined by
the existence of metastases rather than by cellular char-
acteristics. Treatment usually revolves around debulking
or radiation therapy and 131|-metaiodobenzylguanidine
(3311-MIBG) therapy [3]. In the case of carcinoid tu-
mours, it is difficult to differentiate benign from malig-
nant carcinoid based on histology. Malignancy can only
be unequivocally determined if there is lymph node invae-
sion or distant metastases [4]. Thus in both conditions,
detection of the full extent of distant spread is important
for management and prognosis.

In this retrospective analysis, we report our original
findings and share our experience of using 1231-MIBG,
1 n-[p-Phel]-DTPA-octreotide and 18F-fluorodeoxyglu-
cose (18F-FDG) imaging in patients with malignant para-
gangliomas and carcinoid tumours.

Materials and methods

Patient population. We reviewed the data of al patients with neu-
roendocrine tumours who had undergone imaging at the Institute
of Nuclear Medicine, Middlesex Hospital, over the past 2 years.
Of the 38 patients reviewed, 15 had undergone imaging with 123|-
MIBG, n-[p-Phel]-DTPA-octrectide and 18F-FDG coupled
with X-ray computed tomography (CT). All imaging studies were
performed within atime span of 40 days.

Of the 15 patients (eight men, seven women; age range 30-71
years, median 54 years), 11 had metastatic carcinoid and four had
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metastatic paraganglioma. The histological diagnosis was avail-
ablein al patients.

Of the 11 patients with metastatic carcinoid, five had carcinoid
syndrome. In nine patients, the primary site was the bowel (appen-
dix in six, ileum in three), while in two the primary site was un-
known. Of the 11 patients, five were being assessed for clinical
suspicion of recurrence after previous treatment and three were
being reassessed after completing 131-MIBG therapy. Three pa-
tients had been referred for staging as a prelude to 131-MIBG ther-
apy.
Of the four patients with metastatic paraganglioma, two were
non-secretors who had previously been treated with surgery, che-
motherapy and radiotherapy and were being reassessed for
131]-MIBG therapy. The other two patients were being evaluated
after completing 1311-MIBG therapy.

Imaging procedures. All radionuclide studies were acquired
>12 weeks after completion of chemotherapy or 131-MIBG thera-
py.
Before scintigraphy with 1231-MIBG, 60 mg b.d. of potassium
iodide was administered orally to block the thyroid uptake of any
free radioiodine. A mean activity of 200 MBq of 123-MIBG was
slowly injected intravenously. Using a gamma camera, whole-
body anterior and posterior views were obtained at 1, 4, 24 and
48 h post injection (scan speed 20 min/m and at 48 h 30 min/m).

1 n-[p-Phel]-DTPA-octreotide (mean activity 150 MBQq) was
injected intravenously. Whole-body anterior and posterior views
were obtained at 4, 24 and 48 h post injection (scan speed
20 min/m and at 48 h 30 min/m).

For 18F-FDG positron emission tomography (PET), patients
fasted overnight. Blood glucose levels were checked prior to in-
jection. Each patient received 5 mg of diazepam orally 30 min be-
fore the 18F-FDG injection. The whole-body PET scan was ac-
quired 45 min after intravenous injection of 18F-FDG (mean activ-
ity 350 MBQ). A dedicated state-of-the-art PET scanner (GE Ad-
vance) was used for imaging. Emission data were acquired in six
5-min bed positions followed by a whole-body transmission scan
using three 68Ge rotating sources (3-min images per bed position).
Attenuation-corrected emission data were reconstructed iteratively
using an ordered subset expectation maximisation (OSEM) algo-
rithm. 18F-FDG scans were visually reported without the support
of standardised uptake values.

Image interpretation. A study was classified as positive if an ab-
normal site of tracer uptake was identified which corresponded to
a known disease site on CT. If no uptake was identified at a sus-
pected site or elsewhere in the body, then the study was classified
as negative.

Tracer uptake at tumour sites was assessed for each radiophar-
maceutical and compared with the activity of the assumed normal
liver. It was classified as “faint” when less intense than liver up-
take, and as “high” when equal to or more intense than liver up-
take. In the case of liver metastases, uptake was classified as high
if it exceeded uptake in the adjacent, assumed normal liver tissue.

The total number of lesions detected by each modality was
counted. When an organ was heavily infiltrated, e.g. liver (Fig. 1),
a lesion count of one was alocated to that site. In patients in
whom a large tumour mass (>2x2 cm) was identified, a compari-
son of tracer distribution pattern in the mass was carried out for all
three modalities.
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Fig. 1A-D. Patient with extensive liver metastases from carcinoid
tumour. A 99mTc-colloid scan shows multiple “cold” areas. B 11In-
[D-Phel]-DTPA-octreotide scan shows multiple metastases. Two
large areas with “high” uptake and homogeneous distribution of
tracer are seen. A smaller area with non-homogeneous distribution
is noted in the tip of the right hepatic lobe. These avid lesions cor-
respond to the “cold” areas noted on the colloid scan. C 123|-MIBG
scan shows multiple metastases, but a pattern which is different
from the 11In-[p-Phel]-DTPA-octreotide distribution (one of the
two large areas with “high” uptake is not visualised). D 18F-FDG
PET scan (coronal section) shows the two large liver metastases to
be glucose avid, but a different distribution pattern elsewhere
(range of SUVdl, 10-30)

Results

In 12 of the 15 patients no more than two of the three ra-
dionuclide imaging modalities were positive. In two pa-
tients with carcinoid disease all three radionuclide stud-
ies were positive, while in one patient, also with carci-
noid disease, all radionuclide imaging studies were nega-
tive. The most common metastatic site was the liver (Ta-
ble 1).

Both 11 n-[p-Phel]-DTPA-octreotide receptor scintig-
raphy and 18F-FDG PET demonstrated abnormally in-
creased tracer uptake in 11 of the 15 patients, while 123]-
MIBG did so in eight (Table 2). The intensity of tracer
uptake at tumour sites was “high” in 93% with 18F-FDG
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Fig. 2A—C. Patient with carci-

noid metastasesto liver and

mesentery coupled with hilar

activity. A 1n-[p-Phel]-

DTPA-octreotide scan shows

two large metastases with

“high” uptake (large arrows), '
oneintheliver and onein the
mesentery. In addition, thereis
asmall liver metastasisin the
left hepatic lobe. Note the
“faint” hilar activity (small ar-
row). B A negative 123|-MIBG
scan. C 18F-FDG PET scan
shows “high” uptake in hilar
nodes and the mesenteric me-
tastases. The liver metastases
showed “faint” uptake (anterior
section not shown)

A

-
-
-
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Table 1. Sites of metastasesin

patients with carcinoid tumours ~ Sitesinvolved

Metastatic carcinoid Metastatic paraganglioma

or paragangliomas (n=11) (n=4)
Liver/pancreas 10/11 1/4
Bone/bone marrow 3/11 3/4
Bowel/omentum 2/11 -
Lymph nodes/sympathetic chain 2/11 4/4
Lung fields 2/11 2/4

Table 2. Total number of lesions identified by each of the three imaging modalities in the two groups of patients

M n-Oct 18F-FDG 1231-MIBG
No. of No. of lesions No. of No. of lesions No. of  No. of lesions
pts+ve  detected pts+ve  detected pts+ve detected
Metastatic carcinoid (11 pts) 10 38 8 36 4 16
Metastatic paraganglioma (4 pts) 1 6 3 71 4 51
Total 11 44 11 107 8 67

PET, 85% with 11| n-[p-Phel]-DTPA-octreotide and 62%
with 123|-MIBG.

In patients in whom two of the three imaging studies
were positive, more than two lesions were positive with
one modality and negative with the other. 18F-FDG PET
identified 107 lesions, 1In-[p-Phel]-DTPA-octrectide
44 lesions and 123|-MIBG 67 lesions (Table 2). Three pa-
tients with carcinoid had extensive liver metastases and
two with metastatic paraganglioma showed widespread
bone/bone marrow involvement.

In six patients asingle large (>2x2 cm) tumour site was
identified. In four, tracer uptake was fairly homogeneous
in distribution and the intensity of uptake was “high” for
all three tracers. In the other two cases, tracer distribution

was non-homogeneous, with a different distribution pat-
tern and variable intensity of uptake for all three tracers.

One patient with carcinoid tumour was negative on all
imaging modalities, including CT. This patient had re-
cently had the tumour resected from the ileum. The oper-
ation was felt to be complete, but a mesenteric biopsy
showed a small focus of metastatic tumour.

In one carcinoid patient with liver metastases, 1!In-
[D-Phel]-DTPA-octreotide scan showed additional
“faint” bilateral hilar activity, which the 18F-FDG PET
scan revealed to represent focal hilar nodes with “high”
avidity for glucose (Fig. 2). 123|-MIBG scan was nega-
tive and X-ray CT did not identify any abnormal hilar
nodes in this patient.
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Fig. 3A—C. Patient with carci-
noid liver metastases treated
with 131]-MIBG (cumulative
dose 39.7 GBq). A 123|-MIBG
scan and B 111 n-[p-Phel]-
DTPA-octreotide scans show
“high” uptake in liver metastas-
es. C 18F-FDG PET scan was
negative

Only one patient with metastatic carcinoid disease
had positive MIn-[p-Phel]-DTPA-octreotide scintigra-
phy and 123|-MIBG scan but a negative 18F-FDG PET
study (Fig. 3). This patient had completed a course of
131-MIBG therapy (cumulative dose 39.7 GBq) 12
weeks prior to the imaging studies. Follow-up CT 6
months following therapy showed no significant change
in tumour size.

In 14 patients CT clearly identified metastases to liver,
mediastinum and the abdomen which corresponded to the
areas of tracer uptake observed on scintigraphy. In addi-
tion, scintigraphy identified eight lesions not seen on CT.
In two patients the initial CT examination was not extend-
ed above the diaphragm, so mediastina metastases subse-
guently shown with scintigraphy were not identified.

Discussion

This study clearly shows that none of the imaging mo-
dalities, alone or in combination, provides a comprehen-
sive survey of disease spread in patients with paragang-
liomas and carcinoid tumours.

18F-FDG PET detected the most tumour metastases,
followed by 123-MIBG scan (though 1in-[p-Phel]-
DTPA-octrectide identified metastases in 11/15 patients
whereas 123|-MIBG scan did so in only 8/15). Each of the
modalities was completely negative in at least one pa-
tient, while the others were positive. Interestingly, within-
lesion distribution of the tracers was also variable, with
part of atumour mass showing affinity for one tracer, and
another part showing affinity for another tracer. These
imaging features reflect the very diverse nature of these
tumours. We have previously shown such variable tracer
distribution for 1231-MIBG [5] and ™MIn-[p-Phel]-DTPA-
octreotide [6, 7], while others have demonstrated a simi-
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lar pattern using 18F-FDG PET and 1In-[p-Phel]-DTPA-
octreotide [8] and 18F-FDG PET and 123-MIBG [9]. To
our knowledge, however, there has been no direct com-
parison of al three imaging modalities.

The inability to localise all tumour sites also has im-
plications for therapy with 131-MIBG, MIn-[p-Phel]-
DTPA-octreotide and 9Y-DOTATOC [10, 11, 12]. Indi-
vidually, or in combination, these radiopharmaceuticals
will not achieve total tumour kill. Thus only a partial tu-
mour response may be achieved. This partly explains
and reinforces our and other groups experience in
achieving a partial therapeutic response in treating these
neoplasms.

In this series, five patients (three with carcinoid, two
with paragangliomas) were reviewed 12 weeks after
completion of 131-MIBG therapy (cumulative dose of
33-39.7 GBQ). Residual disease was identified in all pa-
tients with 123|-MIBG. 18F-FDG PET was positive in
three and negative in two of the patients (both patientsin
whom 18F-FDG PET was negative had carcinoid). The
complete lack of uptake observed on 18F-FDG PET in
the latter patients was difficult to explain (Fig. 3), though
it can be speculated that the tumour had switched to a
less aggressive mode or that this picture represents a
form of tumoural hibernation.

Scintigraphy revealed some interesting features which
merit attention. In-[p-Phel]-DTPA-octreotide and 18F-
FDG PET revealed hilar activity in a carcinoid patient
with metastatic liver disease (Fig. 2). The aetiology of
this activity was difficult to explain as CT of this site
failed to reveal any nodal involvement. The liver metas-
tases were subsequently resected; however, no interven-
tion was carried out to confirm the nature of the hilar ac-
tivity. It is known that both 1In-[p-Phel]-DTPA-octreo-
tide and 18F-FDG PET can identify granulomatous con-
ditions [13, 14], but there was no clinical, radiological or
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biochemical evidence to support this impression. A fol-
low-up M1n-[p-Phel]-DTPA-octreotide study performed
6 months later showed persistent nodal activity which,
compared with the previous study, was extremely faint.
It could be argued that this activity represented metastas-
es, but the observed reduction in activity stands contrary
to such a conclusion.

A second interesting case was the carcinoid patient
who was negative on all imaging modalities, including
CT. It was clear that the patient had low-bulk or minimal
residual disease, but there was biopsy-proven evidence
that metastasis to the mesentery had occurred. A recent
CT (15 months after surgery) was unremarkable, and the
patient's clinical status remains unchanged. It can only
be speculated that the mesenteric seedlings could not be
visualised because tracer uptake was faint and was being
masked by overlying non-specific gut activity, which is
usually seen with all three scintigraphic techniques.

Some of the limitations of this study need to be dis-
cussed. This retrospective analysis was triggered on the
basis of observation of scintigraphic variation in two pa-
tients with neuroendocrine tumours. Prior to embarking
on a prospective controlled study, a retrospective analy-
sis of existing data was necessary to understand the ob-
served scintigraphic discrepancies. Our data trawl yield-
ed a very heterogeneous mix of patients at different stag-
es of disease. This was not surprising, as selecting a
large number of cases at a specific stage in rare condi-
tions such as carcinoid and paraganglioma is fraught
with difficulties. This problem was further compounded
by the stipulation that patients must have undergone 123| -
MIBG, MIn-[p-Phel]-DTPA-octreotide and 18F-FDG
PET imaging coupled with CT within a short interval.
Thus only arelatively small number of patients could be
included for observational analysis and no statistical
evaluation was undertaken. No attempts were made to
compare scintigraphic lesion count with CT as this was
not the purpose of our review. Previous comparisons of
CT with 123]-MIBG have shown the advantages and limi-
tations of scintigraphic and CT techniques [15], and
these continue to hold true.

Conclusion

» This retrospective observational study of patients with
metastatic paragangliomas and carcinoid tumours clear-
ly illustrates the variation in tumour affinity for 123]-
MIBG, 1n-[p-Phel]-DTPA-octreotide and 18F-FDG.

e No single scintigraphic technique identifies all the
metastatic sitesin this group of patients.

« The metastases show either “faint” or “high” uptake
of tracer.

While they tend to display notable affinity for 18F-FDG, it
is concluded that any single tumour mass may show simi-
lar or variable affinity for the three radiopharmaceuticals.
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