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Abstract
Objective The objective of the present study was to
evaluate the role of 68Ga-DOTA(0)-Phe(1)-Tyr(3)-octreotide
(68Ga-DOTATOC) positron emission tomography computed
tomography (PET-CT) for detection and staging of pancreatic
neuroendocrine tumours (NETs).
Methods Twenty patients with clinically suspected and/or
histopathologically proven pancreatic NET underwent
68Ga-DOTATOC PET-CT imaging for staging and /or
localisation of primary lesion. They also underwent contrast
enhanced CT (CECT) and 8 patients underwent 18F-FDG
PET-CT. SUVmax of primary and metastatic lesions were
measured. Results were verified with histopathology for
primary tumour and with clinical follow up/MRI and /or
biopsy for metastatic disease. Results of 68Ga-DOTATOC
PET-CT were compared to CECT and 18F-FDG PET-CT.
Results 68Ga-DOTATOC PET-CT correctly localised prima-
ry in all 20, CECT in 15 and 18F-FDG PET-CT in 2 patients.
68Ga-DOTATOC PET-CT demonstrated metastases in 13
patients, CECT in 7 and 18F-FDG PET-CT in 2. 68Ga-

DOTATOC PET-CT emerged as the best investigation with
100% sensitivity and PPV for detecting primary tumour and
metastatic disease. The detection rate of CECT was lower
than 68Ga-DOTATOC PET-CT, both for primary tumour
(20vs.15) or metastatic disease (13vs.7). 18F-FDG PET-CT
performed poorly for primary and metastasis.
Conclusion Ga-DOTATOC PET-CT is a very useful imaging
investigation for diagnosing and staging pancreatic NET.
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Introduction

Pancreatic neuroendocrine tumours (NETs) are substantially
rarer than adenocarcinoma with a reported incidence of
about 2·5 to 5 cases per 100 000/annum [1]. Clinical
behaviour of pancreatic NETs varies strikingly, both in
terms of symptoms and outcome. It depends on the site of
the primary tumour as well as whether they are functioning
tumours or not—i.e. whether the peptides secreted produce
symptoms. Pancreatic NETs are large in most cases, with up
to 40% being non-functioning, and about 50% presenting
with hepatic metastases at diagnosis [2, 3]. Functioning
pancreatic NETs might secrete several peptide hormones
and lead to diverse symptomatology. All these tumours are
difficult to diagnose because of intermittent peptide release,
unusual symptoms, and fluctuating plasma hormone levels
[2, 4].

Diagnosis of pancreatic NETs is usually based on clinical
presentation, hormone assays, and pathology. Some bio-
chemical markers that are identifiable in body fluids
suggest specific tumours, whereas others are common to
several pancreatic NET subtypes [2, 3]. Correlation of level
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of serum markers with symptomatology and lesion location is
important to facilitate correct diagnosis. Assessment of the
location and extent of pancreatic NETs is crucial for accurate
management. Commonly used imaging investigations for
pancreatic NETs include: conventional transabdominal ultra-
sonography [USG], computed tomography [CT], and mag-
netic resonance imaging [MRI]; endoscopic ultrasonography;
selective angiography, with or without hormonal sampling
and radionuclide imaging (somatostatin-receptor scintigraphy
[SRS] with single photon emission CT [SPECT]). Conven-
tional imaging for pancreatic NETs localises only 10–60% of
primary tumours.

NETs over-express somatostatin receptors (SSTRs) with
heterogeneous tissue distribution [5, 6]. SSTRs appear in
five subtypes, SSTR 1–5. Besides their affinity to somato-
statin, SSTR2, SSTR3 and SSTR5 also bind to the
somatostatin analogues like octreotide and are expressed
in 85%–100% pancreatic NETs [7, 8].This receptor over-
expression can be exploited for functional imaging of NET
by radiolabeled somatostatin analogues binding to the
SSTRs[9] and thus tumour detection, depending on both
density of SSTR subtype expression and receptor affinity of
the radioligand [10, 11]. SRS can be used to identify
surgically resectable tumour as well as metastatic tumours
which are suitable for peptide receptor radionuclide therapy
(PRRT).The most widely used tracer for SRS is 111In-
DTPA-octreotide (111In-DTPAOC, Octreoscan), which is
commercially available. The sensitivity of 111In-DTPAOC
for the detection of NETs varies between 67% and 100%
[12, 13]. In comparison to scintigraphy, positron emission
tomography (PET) has a two-to threefold higher spatial
resolution (3–6 mm versus 10–15 mm) and also facilitates
quantification of tracer uptake. 68Ga-DOTA(0)-Phe(1)-Tyr
(3)-octreotide (68Ga-DOTATOC) is a promising PET tracer
for SSTR imaging [14]. 68Ga-DOTATOC-PET is superior to
conventional SRS [15, 16] and also to CT with a reported
sensitivity of 97% and a specificity of 92% [17] for PET
alone. The objective of the present study was to evaluate
the role of 68Ga-DOTATOC-PET-CT for detection and
staging of pancreatic NETs.

Material and methods

Patients

The study was conducted after taking approval from the
institutional review board. Between September 2006 and
July 2010, 20 patients with clinically suspected and/or
histopathologically proven pancreatic NET who underwent
68Ga-DOTATOC PET-CT imaging for staging and/or local-
isation of primary lesion were included in the study. All the
patients also underwent contrast enhanced CT and 8 patients

underwent 18F-FDG PET-CT. Written informed consent was
taken from all the patients.

68Ga-DOTATOC synthesis

68Ga-DOTATOC DOTA0-D-Phe1-Tyr3-octreotide was syn-
thesised as described in the literature [18, 19]and is briefly
summarised here. 30–50 mCi 68Ge/68Ga generator was
eluted using 0.1 M HCL. The eluent was loaded onto a
cation exchange cartridge to pre concentrate and pre purify
(using 80% acetone/0.15 M HCL). Purified 68Ga (half-life,
68.3 min; β +88%; Eβ +maximum, 1.9 MeV)was directly
eluted with 97.7% acetone/0.05 M HCL into the reaction
vial containing 30–50 μg of DOTATOC. Synthesis was
carried out at approximately 1260 C for 10–15 min. This
was followed by removal of labelled peptide from
unlabelled peptide using reverse phase C-18 column, using
400 μl of ethanol. This was further diluted with normal
saline and passed through 0.22 μm filter to get sterile
preparation for injection.

68Ga-DOTATOC PET-CT acquisition

The studies were performed with dedicated PET-CT
equipment (Biograph 2, Siemens, Erlangen, Germany).
A dose of 132–222 MBq (4–6 mCi) of 68Ga-DOTATOC
was injected intravenously. After a 30–45minute uptake
period the patients were taken for PET-CT. Oral contrast
agent was used. No intravenous contrast agent was used.
In the PET-CT system, CT acquisition was performed on
spiral dual slice CT with a slice thickness of 4 mm and a
pitch of 1. Image was acquired using a matrix of 512×512
pixels and pixel size of 1 mm. After CT, 3D PET
acquisition was done from skull to mid thighs. PET data
was acquired using matrix of 128×128 pixels with a slice
thickness of 1.5 mm. CT based attenuation correction of
the emission images was employed. PET images were
reconstructed by iterative method ordered subset expecta-
tion maximization (OSEM; 2 iterations and 8 subsets).
After CT acquisition, the table was moved toward the field
of view of PET and PET acquisition of the same axial
range was started with the patient in the same position on
table. After completion of PET acquisition, the recon-
structed attenuation corrected PET images, CT images and
fused images of matching pairs of PET and CT images
were available for review in axial, coronal and sagittal
planes,as well as in maximum intensity projections,three
dimentional cine mode.

18F-FDG PET-CT acquisition

The studies were performed with dedicated PET-CT
equipment (Biograph 2, Siemens, Erlangen, Germany).
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All patients fasted for at least 4-hours. Blood glucose
was less than 7.8 mmol/l. A dose of 370 MBq (10 mCi) of
FDG was injected intravenously. The patients rested in a
quiet room and after a 45–60 minute uptake period, were
taken for PET-CT. PET-CT were acquired from base of the
skull to mid thigh. The remaining acquisition parameters
were similar to that of 68Ga-DOTATOC PET-CT as detailed
above.

Contrast enhanced CT

All patients underwent contrast enhanced abdominal CT
(Somatom plus 4, Seimens, Germany). CT was performed
using a triple-phase protocol (mAs 230 eff., kV120)
following intravenous contrast medium. Slice thickness
was 0.75 mm for the arterial (bolus tracking; approximately
24 s delay) and portal-venous phase (45 s delay) and
1.5 mm for the venous phase (70 s delay) using 70–100 ml
of intravenous contrast medium (Ultravist 370; Bayer
Schering Pharma, Berlin, Germany). The protocol did not
include radio-opaque oral contrast media. For evaluation
purposes, all CT data-acquisition phases were counted as a
whole CT examination. These CT examinations were
assessed by experienced radiologists for evidence of
primary/metastatic disease.

Image interpretation

68Ga-DOTATOC and 18F-FDG PET-CT studies were
evaluated by two experienced Nuclear medicine physi-
cians. They were blinded to findings of the structural
imaging. PET images were evaluated both qualitatively
and semi-quantitatively. Any non physiological focal area
of increased 68Ga-DOTATOC or 18F-FDG uptake was
looked for, keeping physiological tracer distribution in
perspective. For 68Ga-DOTATOC PET-CT any non physi-
ological uptake more than surrounding tissue was taken as
positive. Positive findings on 68Ga-DOTATOC and 18F-
FDG PET were localized to anatomic images from the
non-enhanced CT. Criteria for a correct detection by PET-
CT are both positive 68Ga-DOTANOC/18F-FDG uptakes as
well as the correct anatomic localization of the tumour.
The PET-CT findings were grouped as primary and
metastatic disease. The maximum standardised uptake
values (SUVmax) of primary and metastatic lesion was
calculated. For final analysis lesion with the highest
pathological tracer accumulation within each region in
each patient was used.

Reference standard

Results of 68Ga-DOTATOC, 18F-FDG PET-CT and CECT
were verified with biopsy/ histopathology for primary

tumour. For metastatic disease clinical follow up/magnetic
resonance imaging (MRI) and /or biopsy was used to verify
the findings. The PET-only positive lesions that showed a
morphological lesion in the follow-up were classified as
NET lesions. The establishment of a true histopathology-
based gold standard for all lesions was methodically and
ethically not feasible.

Statistical analysis

Continuous variables, which might be not normally
distributed because of the small numbers of patients, are
reported as the median and interquartile ranges. Sensitivity,
specificity, accuracy, positive (PPV) and negative predictive
value (NPV) of 68Ga-DOTATOC PET-CT, 18F-FDG PET-CT
(when available) and CECT were calculated. Mc Nemar test
was used to compare the diagnostic abilities of different
investigations. Spearman correlation coefficients (two
tailed) were used to evaluate any correlation in SUVmax
of FDG and DOTANOC PET-CT. The p value <0.05 was
considered as significant. All the data analyses were
performed using the statistical software packages SPSS
11.5(SPSS Inc., Chicago, Illinois, USA).

Results

Patient characteristics

Twenty patients with known/suspected NETs were evaluat-
ed in the study. Patient characteristics including age, sex,
serum chromogranin levels, indication of PET-CT, and final
diagnosis are detailed in Table 1.

Table 1 Patients characteristics

Parameters Values %

Total number 20 −
Age (years)

Median 42.5 −
Interquartile range 37.5–54.5 −
Sex

Male 10 50

Female 10 50

Serum chromogranin (ng/ml)

Median 316 −
Interquartile range 251.5–745.5 −
Indication

Staging 03 15

Diagnosis and staging 17 85
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68Ga-DOTATOC PET-CT findings

68Ga-DOTATOC PET-CT localised primary tumour in all 20
patients. The primary tumour was localised to head of
pancreas in 7 patients, in body of pancreas in 9 patients, in
tail of pancreas in 3 patients and multiple masses in 1
patient. The median SUVmax of primary tumour on 68Ga-
DOTATOC PET-CT was 12.6 (interquartile range-8.8–27.6).
The sensitivity was 100% (95% CI-83.01–100) and PPV
100% (95% CI:-83.01–100).The mean tumor size was 3.3±
1.7 cm (range: 1–8 cm). No significant correlation was found
between size of primary tumor and the SUVmax (r −0.037;
p 0.870; Fig. 1).Metastatic disease was seen in 13 patients.
[Sensitivity-92.8% (95% CI: 66–98.8), specificity-100%
(95% CI: 54–100), PPV-100% (95% CI: 75.1–100) and
NPV-85.7% (95% CI: 42.2–97.6)]. Liver metastasis was seen
in majority of patients (10/20). Retroperitoneal lymph node
metastasis was seen in 5 patients and bone metastasis in 1
patient. The median SUVmax of metastatic lesions was 15.1
(interquartile range-8.6–22.2).

18F-FDG PET-CT findings

18F-FDG PET-CT was available for 8 patients. It localised
primary tumour in 2 of these 8 patients. In both of these
patients the primary tumour was localised in the body of
pancreas (SUVmax-4.8 and 5.6). The sensitivity was 25%
(95% CI: 3.9–64.9) and PPV was 100% (95% CI: 19.2–
100). Metastatic disease was also identified in these two
patients only. [Sensitivity-20% (95% CI: 3.1–55.5),
specificity-100% (95% CI: 16.5–100), PPV-100% (95%
CI: 19.2–100) and NPV-11.1% (95% CI: 1.8–48.2)]. Liver

was the site of metastasis in both of them (SUVmax-5.6
and 7.9 respectively). 18F-FDG PET-CT failed to localise
primary or metastatic disease in remaining 6 patients.

CECT findings

CECT demonstrated pancreatic mass, likely to be primary
tumour in 16 patients and diffusely bulky pancreas in 1
patient. CECT was false positive in 2 patients including the
later, where the primary tumour was localised to body of
pancreas. The primary lesion was contrast enhancing in all
the patients. In 3 patients it failed to show primary tumour.
[Sensitivity-83.3% (95% CI: 58.5–96.2) and PPV 88.2%
(95% CI: 63.5–98.2)].It demonstrated metastatic disease in
7 patients (all liver). [Sensitivity-57.1% (95% CI: 28.9–
82.2), specificity-100% (95% CI: 54–100), PPV-100%
(95% CI: 62.9–100) and NPV-50 (95% CI: 21.2–78.7)].
Metastatic lesions also were contrast enhancing.

Comparison of 68Ga-DOTATOC PET-CT, 18F-FDG PET-CT
and CECT

Table 2 compares the performance of each investigation in
detection of primary as well as metastatic disease. 68Ga-
DOTATOC PET-CT emerged as the best investigation for
localising the primary tumour as well as detecting metastasis
(Figs. 2, 3, 4 and 5). 18F-FDG PET-CT performed poorly in
both the aspects. It failed to detect primary tumour and
metastasis in most of the patients. On Mc Nemar analysis
there was significant difference 68Ga-DOTATOC and 18F-
FDG PET-CT for detecting primary (p 0.030) but not
metastatic tumour (p 0.218). No significant correlation was

Fig. 1 Scatter diagram showing
the relation between the size
(cm) of the primary tumour and
the SUVmax on 68Ga-DOTA-
TOC PET-CT. No significant
correlation was found between
SUVmax and size (r −0.037;
p 0.870)
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found between SUVmax of primary (r- 0.126; p 0.764) or
metastatic tumour (r −0.251; p 0.547) on 68Ga-DOTATOC
and 18F-FDG PET-CT. CECT showed pancreatic lesion in
majority of patients but was unable to characterise the
lesions. Moreover, it missed metastasis in most patients. No
significant difference was found between 68Ga-DOTATOC
PET-CT and CECT for primary tumour (p 0.062) and
metastatic tumour (p 0.125). There were 68Ga-DOTATOC
PET-CT positive and CECT negative liver lesions in 4
patients (Fig. 6). All liver lesions that were missed by CT
were sub-centimetre in size (range: 0.5–0.8 cm). The
SUVmax of these liver lesions ranged from 2.5 to 14.6.

Only one of the lesions, which measured 0.8 cm and had
SUVmax of 13 was retrospectively visible on CECT. 68Ga-
DOTATOC PET-CT positive and CECT negative lymph node
lesions were seen in 5 patients. All of these were small in
size (range: 0.4–0.6 cm) and showed high 68Ga-DOTATOC
uptake (SUVmax range: 4.8–36).

Discussion

Although neuroendocrine tumours (NETs) have been
regarded as fairly rare diseases, the US Surveillance

Patient No. 68Ga-DOTANOC PET-CT 18F-FDG PET-CT CECT

Primary Metastasis Primary Metastasis Primary Metastasis

1 + +(L) − − − +(L)

2 + − + +(L) + +(L)

3 + +(L) − − + −
4 + +(L) ND ND − +(L)

5 + − − − + −
6 + − ND ND + −
7 + +(L) + +(L) + +(L)

8 + +(L) − − + +(L)

9 + +(L) − − + +(L)

10 + +(LN) − − + −
11 + +(L;LN) ND ND + +(L)

12 + − ND ND + −
13 + +(LN) ND ND + −
14 + + (L) ND ND + −
15 + + (L) ND ND + −
16 + − ND ND + −
17 + + (L;LN;B) ND ND + −
18 + − ND ND + −
19 + + (LN) ND ND + −
20 + − ND ND − −

Table 2 Comparison of findings
of 68Ga-DOTANOC PET-CT,
18F-FDG PET-CT and CECT in
detection of primary and meta-
static tumor

L liver; LN lymph node; B
Bone; ND not done

Fig. 2 Transaxial CT (a), 68Ga-DOTATOC PET (b) and 68Ga-
DOTATOC PET-CT (c) images of a 40 year old female patient
presenting with pain abdomen. CT images revealed a mass lesion in
the head of pancreas. 68Ga-DOTATOC PET-CT images revealed

intense tracer uptake in the mass suggesting SSTR receptor expres-
sion. A diagnosis of NET was made. On histopathology the mass
turned out to be a well differentiated NET
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Epidemiology and End Results (SEER) database suggests
that their prevalence has increased substantially over the
past three decades as awareness and diagnostic techniques
have improved [20]. This may partly reflect increased
diagnosis of benign and incidentally identified lesions due
to increased availability of advanced endoscopic and
radiological imaging. Diagnosis of NET primaries and
metastases is difficult because they frequently present as
small lesions and at variable anatomical locations. Diagno-

sis is based on clinical symptomatology and assay of
tumour markers. Some biochemical markers that are
identifiable in body fluids suggest specific tumours,
whereas others are common to several GEP NET types [2,
3]. Markers common to many types of pancreatic NETs
include chromogranin A and pancreatic polypeptide. Levels
of circulating chromogranin A are increased in 60–80% of
pancreatic NETs and are especially useful in the diagnosis
of non-functioning tumours [2, 3, 21]. In the present study

Fig. 3 PET-CT images of a 35 year old female patient presenting with
pain abdomen. Transaxial CT, 68Ga-DOTATOC PET and 68Ga-
DOTATOC PET-CT images (upper row; left to right) reveal a mass
lesion in body of pancreas showing intense 68Ga-DOTATOC uptake.

Transaxial CT, 18F-FDG PET and 18F-FDG PET-CT images (lower
row; left to right) show the pancreatic mass. However, no significant
FDG uptake was noted and the study was interpreted as negative. On
biopsy the pancreatic mass was found to be a well differentiated NET

Fig. 4 A 26 year old female
patients presented with recurrent
episodes of hypoglycaemia.
Transaxial CT, 68Ga-DOTATOC
PET and 68Ga-DOTATOC PET-
CT images (left to right) reveal a
soft tissue lesion in the tail of
pancreas showing intense uptake
of 68Ga-DOTATOC. A diagno-
sis of SSTR expressing tumour
was made. The patient under-
went resection of the mass and
histopathology turned out to be
insulinoma
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serum chromogranin levels were elevated in 95% patients
(median chromogranin A level was 316).

Clinical behaviour of pancreatic NETs varies strikingly,
both in terms of symptoms and outcome. Insulinomas are
typically small benign, functioning tumours, and patients
present with hypoglycaemia [2, 4]. Pancreatic gastrinomas
are usually malignant; about 25% are associated with
MEN1 [2, 4]. Glucagonomas, which cause diabetes and a
characteristic rash (necrolytic migratory erythema), and
VIPomas, which are associated with severe diarrhoea, are

large tumours with metastases when diagnosed [2]. Other
rare functioning tumours that secrete adrenocorticotropic
hormone, growth hormone releasing hormone, parathyroid
hormone-related protein, and somatostatin have been
reported [2]. As most pancreatic NETs are non-functioning
they present fairly late, with symptoms of mass effects or
distant (usually hepatic) metastases, or both [2, 22]. Under
these circumstances early and accurate localisation of
tumour, primary or metastatic is essential. Endoscopic
ultrasonography can detect 90–100% of pancreatic lesions

Fig. 5 PET-CT images of a 40 year old male patient presenting with
pain abdomen and diarrhoea. Transaxial CT, 68Ga-DOTATOC PET and
68Ga-DOTATOC PET-CT images (upper row; left to right) reveal a
mass lesion in head of pancreas (arrowhead) showing intense tracer
uptake. Also noted hypodense lesion in liver (bold arrow) showing
increased 68Ga-DOTATOC uptake suggesting metastasis. Transaxial

CT, 18F-FDG PET and 18F-FDG PET-CT images (lower row; left to
right) show the pancreatic mass (arrowhead) and hypodense liver
lesion (bold arrow). However, no significant FDG uptake was noted
and the scan was interpreted as negative. On biopsy the pancreatic
mass was found to be a well differentiated NET

Fig. 6 A 47 year old female patients presented with pain abdomen
and jaundice. Neuroendocrine tumor was suspected because of
elevated levels of serum chromogranin and the patient underwent
68Ga-DOTATOC PET-CT. A mass lesion was noted with intense
uptake of 68Ga-DOTATOC (not shown). Transaxial non contrast CT

(a) images of the liver were unremarkable. 68Ga-DOTATOC PET (b)
and 68Ga-DOTATOC PET-CT (c) images revealed foci of intense
uptake of 68Ga-DOTATOC. A diagnosis of metastatic NET was made
on 68Ga-DOTATOC PET-CT and was confirmed on histopathology
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[23]. But its ability to detect metastatic disease is limited.
Angiography locates about 40–75% of lesions while assess-
ment of hormonal gradients during angiography is 80–100%
sensitive [24].Generally, detection frequency for MRI or CT
is about 22–45%, which is higher than ultrasonography (13–
27%)[25]. The main limitation of CECT is its inability to
characterise the pancreatic tumour as NET or adenocarcino-
ma, as contrast enhancement can be seen in both of them. In
present series CECT had sensitivity of 83.3% for detection
of primary tumour and there were 2 false positives. The
sensitivity CECT for metastatic disease was 57.1% while the
specificity was 100%. As there was only one extra
abdominal metastatic disease in present patient population
these results might not reflect the overall true picture.

SSTR2, SSTR3 and SSTR5 are over expressed in
85%–100% of gastrointestinal and pancreatic NETs [7,
8].This forms the basis of SRS in pancreatic NETs. In
human pancreas, up to 89% of α-cells and up to 87% of β-
cells express SSTR 2–5[26], which increases the risk of
false positive findings. The most widely used tracer for
SRS is 111In-DTPA-octreotide (111In-DTPAOC, Octreo-
scan, Mallinckrodt Inc, St. Louis, MO, USA), which is
commercially available. Its sensitivity for the detection of
NETs varies between 67% and 100% [12, 13]. 111In-DTPA-
octreotide SPECT however suffers from the usual limi-
tations of limited resolution and long study time of SPECT
technology.

68Ga-DOTATOC PET has the advantage of better resolu-
tion of PET technology when compared to 111In-DTPA-
octreotide SPECT. Improved resolution is very useful in
carcinoma patients; 7–71% of suspicious nodes with a size
below 1 cm is infiltrated by tumour cells [27–29] and might
be imaged with PET. Moreover, the affinity of 68Ga-
DOTATOC in binding SSTR2 is 2.5±0.5 nM and tenfold
higher than that of 111In-DTPAOC (22±3.6 nM) [30]. In
comparison to conventional SRS, 68Ga-DOTATOC PET have
higher sensitivity for the detection of NET lesions [15, 16],
and in that aspect was also superior to computed tomogra-
phy. It is superior to conventional SRS [15, 16] and also to
CT with a reported sensitivity of 97% and a specificity of
92%[17] for PET alone. Buchmann et al also found 68Ga-
DOTATOC PET to be better than 111In-DTPAOC SPECT in
patients with NETs in a mixed patient population [31]. Ruf et
al evaluated the impact of 68Ga-DOTATOC PET-CT on
patients with management of NET (including 14 patients
with pancreatic NET) and found that it has impact on
management of one-third of patients [32]. In the present
study 68Ga-DOTATOC PET-CT showed a very high sensitiv-
ity for detection of primary tumour (100%). For metastatic
disease too 68Ga-DOTATOC PET-CT was very useful with a
sensitivity 92.8% and specificity of 100%. Although 68Ga-
DOTATOC PET-CT showed higher detection rate compared
to CECT ,on Mc Nemar analysis it only showed borderline

significance for primary tumour (p 0.062) and no significant
difference was found for metastatic tumour (p 0.125). The
mean SUVmax of primary pancreatic tumour on 68Ga-
DOTATOC PET-CT was 19.4±16.9.This is similar to the
values reported by Prasad et al −18.6±9.8 for previously
unknown primary pancreatic tumours [33].

Uptake of 18F-FDG in tumour cell depends on the
metabolic rate of tumours and the expression on glucose
transporter (GLUT-1). As NET are slow growing tumours
with low metabolic rate 18F-FDG PET-CT is not a suitable
investigation for imaging NETs. Kayani et al in their study
on NET compared the efficacy of 18F-FDG PET-CT and
68Ga-DOTANOC PET-CT [34]. Their patient population
included 9 patients with pancreatic NET. In these 9
patients 68Ga-DOTANOC uptake was higher than 18F-
FDG in low grade tumors, while the reverse was true for
high grade tumors. They however had not evaluated the
diagnostic efficacy especially for pancreatic NET. In
present study 18F-FDG PET-CT showed very poor sensi-
tivity for detecting primary tumour (sensitivity-18.1%) and
metastatic disease (sensitivity-20%). This was much lower
than 68Ga-DOTANOC PET-CT (100%). 68Ga-DOTANOC
PET-CT showed significant difference from 18F-FDG PET-
CT for detecting primary tumour (p 0.03) but not
metastatic disease (p 0.218). However, 18F-FDG PET-CT
study can prognosticate these patients. A high FDG uptake
denotes a shift in differentiation from well to poorly
differentiated, thereby poorer prognosis. These patients
require a different approach to therapy as cold or radio-
labeled SSTR analogues works poorly on these lesions.

The present study had certain limitations. Firstly, only 20
patients were included in the analysis. A more robust study
with a larger patient population is needed. However, the
incidence of pancreatic NET is so low that it is difficult to
recruit large number of patients. Secondly, as metastatic
lesions of NET can be missed by all of the imaging
investigations; it is difficult to accurately evaluate the role
of any of them for detecting metastasis. Furthermore,
histopathological confirmation was available only for few
of the metastatic lesions.

In conclusion 68Ga-DOTATOC PET-CT is a very useful
imaging investigation for diagnosing and staging pancreatic
NET. It can characterise the pancreatic mass seen on CECT
as NET. It appears better than both 18F-FDG PET-CT and
CECT for staging the pancreatic NET.
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