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Abstract
68Ga-DOTATOC PET/CT is widely used as a functional imaging technique in the detection and characterization of neuroendo-
crine tumors (NETs). Pancreatic NET and intrapancreatic accessory spleen (IPAS) have similar radiologic characteristics in
anatomical imaging and usually show high uptake of 68Ga-DOTATOC. Thus, it is challenging to make a differential diagnosis
between NET and IPAS when the tumor-like lesion is located in the pancreatic tail. Here, we present a case of 68Ga-DOTATOC
PET-positive pancreatic tail lesion with high arterial enhancement on CT and MRI. Since 99mTc-labeled damaged red blood cell
does not accumulate on NET, a negative spleen scan finding was a crucial diagnostic step to decide surgical resection, which was
histologically proven as insulinoma. Our case shows a promising role of additional use of spleen scan with SPECT/CT for the
differential diagnosis of 68Ga-DOTATOC PET-positive pancreatic NET from the accessory spleen.
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Introduction

68Ga-DOTA(0)-Phe(1)-Tyr(3)-octreotide (68Ga-DOTATOC)
is a somatostatin analog that binds to the somatostatin receptor
(SSTR) expressed on the cell surface. Since the majority of
neuroendocrine tumor (NET) mostly expresses SSTR, 68Ga-
DOTATOC positron-emission tomography (PET)/computed
tomography (CT) is widely used as a functional imaging tech-
nique in detection and characterization of NET [1].

In spite of the specificity of 68Ga-DOTATOC binding to
SSTR, images with high 68Ga-DOTATOC uptake should be
cautious in the interpretation due to false-positive findings.
Accessory spleen occurs in about 10% of the population,
and the second most common location is pancreatic tail [2,
3]. The intrapancreatic accessory spleen (IPAS) is usually
characterized by a well-enhanced lesion, similar to the spleen.
As NET is a hypervascular tumor characterized by a well-

enhanced tumor in CT or MRI, these two lesions have an
overlap in anatomical imaging features [4]. Furthermore,
splenic tissue exhibits SSTR so that it shows high physiologic
uptake on 68Ga-DOTATOC PET [5]. Therefore, even though
68Ga-DOTATOC is highly specific for SSTR-expressing tu-
mors, it is challenging to make a differential diagnosis be-
tween pancreatic NET (pNET) and IPAS because of high up-
take on 68Ga-DOTATOC PET. Here, we report the case to
demonstrate the usefulness of an additional spleen scan for
the differential diagnosis of 68Ga-DOTATOC PET-positive
pNET from the accessory spleen.

Case Report

A 55-year-old female admitted to our hospital due to a
recurrent confusion. The 8-h fasting glucose level was
57 mg/dL (normal range 70–110 mg/dL), and the C-
peptide was 2.5 ng/mL (normal range 0.8–4 ng/mL) at
her initial visit to the hospital. To exclude insulinoma as
a cause of the symptoms, a contrast-enhanced abdomen CT
scan was performed. At least three hyper-attenuating le-
sions were detected in the pancreatic uncinate process,
pancreatic head, and pancreatic tail.
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68Ga-DOTATOC PET/CT was then performed due to the
possibility of pNET. 68Ga-DOTATOC (185 MBq) was intra-
venously injected, and PET images from the vertex to the
proximal thigh were obtained 60 min after injection using a
dedicated PET/CT scanner (Biograph mCT64, Siemens
Healthcare). A low-dose CT scan (120 kVp, 50 mAs) was
acquired for attenuation correction and anatomical localiza-
tion. CT images were reconstructed into 5-mm-thick slices,
and PET images were reconstructed by an iterative algorithm
(ordered subset expectation maximization, iteration 2, subset
21). Increased 68Ga-DOTATOC uptake was observed in the
pancreatic tail lesion, and the maximum standardized uptake
value based on body weight was 7.43 (Fig. 1). No additional
abnormal increased uptake was observed for the pancreatic
uncinate process and pancreatic head lesions. On the
contrast-enhanced magnetic resonance imaging (MRI), the
pancreatic tail lesion showed isointensity on T1-weighted,

hyperintensity on T2-weighted, hypointensity on diffusion-
weighted images, and similar contrast enhancement compared
with the signal intensity of spleen parenchyma (Fig. 2). Other
hyperattenuated lesions in the pancreatic uncinate process and
pancreatic head detected on contrast-enhanced CT were not
visualized on contrast-enhanced MRI. Besides, these lesions
also disappeared on follow-up CT scans. Thus, we speculate
that the lesions in the pancreatic uncinate process and pancre-
atic head were not a true lesion but an artifact.

Since the findings on CT, MRI, and 68Ga-DOTATOC PET
are both possible in pNET and IPAS, a spleen scan was per-
formed for further diagnostic steps. 99mTc-labeled damaged
red blood cell (RBC) (555–740 MBq) was intravenously
injected, and spleen scan with SPECT/CT images were ob-
tained 20 min after injection using a dedicated hybrid SPECT/
CT scanner (Discovery NM/CT 670, GE Healthcare). SPECT
images were reconstructed onto 128 × 128 matrices using an
iterative algorithm (ordered subset expectation maximization,
iteration 2, subset 10), and CT images were reconstructed into
3.75-mm-thick slice. No abnormal 99mTc-labeled damaged
RBC accumulation was observed including the pancreatic tail
(Fig. 3). Because negative finding on spleen scan was not
compatible with the accessory spleen, the most possible diag-
nosis was pNET.

Laboratory work-up revealed normal value of
chromogranin A, NSE, CEA, CA 19-9. Plasma glucose
(55 mg/dL, normal range 70–110 mg/dL), C-peptide
(3.08 ng/mL, normal range > 3 ng/mL), and insulin (8.9 uU/
mL, normal range > 0.6 uU/mL) levels were slightly elevated
in 72-h fasting test.

The patient underwent laparoscopic distal pancreatectomy
with splenectomy under the impression of pNET. The pancre-
atic tail lesion was histologically confirmed as grade 1 pNET
(1.9 × 1.5 × 1.0 cm in size, proliferative index Ki-67 2%) that
was positive for insulin (Fig. 4). After the operation, the pa-
tient was free from symptoms, and laboratory findings includ-
ing plasma glucose, C-peptide, and insulin levels became
normalized.

Discussion

Differential diagnosis of NET and accessory spleen is crucial
as NET usually needs surgical resection but accessory spleen
does not. However, both NET and accessory spleen are posi-
tive on 68Ga-DOTATOC PET since they exhibit SSTR. As
99mTc heat-denatured RBC only accumulates on splenic tissue
but not on NET, an additional spleen scan is thus expected to
be helpful for the accurate diagnosis of NET with the exclu-
sion of IPAS.

68Ga-DOTATOC PET/CT is an accurate diagnostic imag-
ing for NET [6, 7]. Even though its high sensitivity and spec-
ificity, physicians should be aware of false-positive or false-

Fig. 1 Contrast-enhanced CT (a) and 68Ga-DOTATOC PET/CT (b, c)
show an indeterminate lesion in the pancreatic tail with contrast enhance-
ment and focal DOTATOC uptake (arrows)
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negative PET findings which could lead to an incorrect diag-
nosis. The uptakes in the pancreatic uncinate process or
splenunculi are the most commonly observed physiologic up-
take [8]. Osteoblastic osseous process and inflammatory pro-
cess also demonstrate 68Ga-DOTATOC PET uptake since the
osteoblasts and white blood cells express SSTR2 [9, 10].
Variable cellular SSTR expression of NET is also related to
the 68Ga-DOTATOC PET uptake. As poorly differentiated
NET has less normal neuroendocrine tissue, the grade of
NET has an inverse correlation with 68Ga-DOTATOC PET
uptake [8]. Compared to other gastrointestinal NET, SSTR
imaging shows relatively low sensitivity in detecting
insulinoma due to its low content of SSTR2 [11]. For that
reason, 18F-DOPA PET, as a tracer of the catecholamine met-
abolic pathway, is the first-choice proposed diagnostic strate-
gy of functional imaging modality for hyperinsulinism in in-
fants and children for its superiority in diagnosis and localiza-
tion [1, 12]. In contrast to benign insulinoma, malignant
insulinoma often expresses SSTR2 so that SSTR imaging is
recommended [13]. In our case, the pancreatic tail lesion
showed increased uptake on 68Ga-DOTATOC PET.

Accessory spleens are present in about 10% of the popula-
tion. It is most commonly located in the splenic hilum, and the
second most common site is the pancreatic tail (17%) [2, 3]. It
is usually asymptomatic so that most of the cases are diag-
nosed incidentally, except for some cases with abdominal pain
or idiopathic thrombocytopenic purpura after splenectomy
[14]. It is 1–3 cm in size, well-delimited, homogenous, and
hypervascular on CT and MRI [15, 16]. Tumoral and neuro-
endocrine markers are usually negative in IPAS, but there has
been a report with slightly elevated tumoral markers in the
patient with IPAS [17].

Autoradiography and immunohistochemistry studies re-
vealed that the SSTRs were mainly distributed in the red pulp
of the spleen [18–20]. SSTR2 was the most abundant subtype
expressed in the spleen (79.7%) followed by SSTR1 (19.6%),
SSTR4 (0.6%), SSTR3 (0.1%), and SSTR5 (0.0%) [21].
Since accessory spleen exhibit SSTR, it is often challenging
to make a differential diagnosis between NET and accessory
spleen on 68Ga-DOTATOC PET.

IPAS and pancreatic tumor also share similar radiologic
characteristics on CT and MRI [15, 22]. IPAS and pancreatic

Fig. 2 MR images of the
indeterminate lesion in the
pancreatic tail. The pancreatic tail
lesion was isointense on T1-
weighted (a), hyperintense on T2-
weighted (b), hypointense on
diffusion-weighted images (b
value = 800 s/mm2) (c), with
similar contrast enhancement on
early arterial (d) and delayed (e)
phase compared with the signal
intensity of spleen parenchyma
(arrows)
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tumor are both hyperattenuating on the arterial phase of en-
hanced CT. The attenuation of IPAS remains stable on all
contrast phases and show persistently high attenuation that
matches the density of the spleen. On the contrary, the pan-
creatic tumor could show iso- or low attenuation on the portal
or delayed phase. However, an identical enhancement pattern
is sometimes observed for IPAS and pancreatic tumor on

MRI. IPAS usually has T1 low, T2 high signal intensity to
pancreas on MRI. IPAS is isointense to normal spleen paren-
chyma on T1, T2, and diffusion-weighted images. Similar
signal intensities with IPAS were observed in 41–50%, 18–
41%, and 68% of pancreatic tumors on unenhanced T1- and
T2-weighted, gadoxetic acid-enhanced dynamic, and
hepatobiliary phase MR images, respectively [23]. Overlap
of signal intensities between IPAS and the pancreatic tumor
is the limitation of MR images for an accurate diagnosis. In
our case, pNET had an isointensity on a T1-weighted image
with a similar enhancement pattern compared to splenic
tissue.

As differentiating IPAS and pNET is a practically impor-
tant issue in image interpretation, a few previous reports have
suggested the usefulness of a spleen scan in the differential
diagnosis. Previous studies have shown that positive spleen
scan finding revealed accessory spleen for the 68Ga-
DOTATOC-positive lesions [24–27]. In our case, no uptake
in the spleen scan was the crucial step for the differential
diagnosis of pNET which was pathologically confirmed after
the operation. As future work, a well-designed clinical study
may clarify the appropriate indication of 68Ga-DOTATOC
PET combined with a spleen scan for this purpose. We expect
that an additional spleen scan may play an important role in
the accurate diagnosis of pNET, which can lead to help us to
decide with confidence whether surgical treatment is required.
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