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Abstract

Purpose: To determine useful contrast-enhanced com-
puted tomography (CE-CT) features in differentiating
duodenal gastrointestinal stromal tumors (duodenal
GISTs) from hypervascular pancreatic neuroendocrine
tumors in the pancreatic head (pancreatic head NETs).
Methods: Seventeen patients with pathologically con-
firmed duodenal GISTs and 25 with pancreatic NETs
underwent preoperative CE-CT. CT image analysis
included tumor size, morphology, and contrast enhance-
ment. Receiver operating characteristic curves were
performed, and cutoff values were calculated to deter-
mine CT findings with high sensitivity and specificity.
Results: CT imaging showed duodenal GISTs with
higher frequencies of tumor central location close to
the duodenum and a predominantly solid tumor type
when compared with pancreatic head NETs (p < 0.05
for both). Duodenal GISTs were larger than pancreatic
head NETs (3.3 ± 0.9 cm vs. 2.5 ± 1.1 cm, p = 0.03).
Duodenal GISTs had significantly lower CT attenuation
values (112.9 ± 17.9HU vs. 137.4 ± 32.1HU, p < 0.01)

at the arterial phase and higher CT attenuation values at
the delayed phase (94.3 ± 7.9HU vs. 84.9 ± 10.4HU,
p < 0.01) when compared with pancreatic head NETs.
A CT attenuation value of £ 135 HU at the arterial phase
(30 s) was 76% sensitive, 94.1% specific, and 83.3%
accurate for the diagnosis of duodenal GISTs, while a
CT attenuation value of ‡ 89.5 HU at the delayed phase
(120 s) was 93.3% sensitive, 81.8% specific, and 76.2%
accurate for the diagnosis of duodenal GISTs.
Conclusion: Tumor central location, size, texture, and
contrast enhancement are valuable characteristics for the
differentiation between duodenal GISTs and hypervas-
cular pancreatic head NETs during preoperative exam-
ination.
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Gastrointestinal stromal tumors (GISTs) account for
approximately one-fifth of soft-tissue sarcomas with an
annual incidence of approximately 10 per million popu-
lation [1, 2]. GISTs may arise in any part of the gas-
trointestinal tract, but mostly occur in the stomach
(50–60%), small intestine (20–30%), and colorectal region
(10%) [3]. Only 3–5% of GISTs occur in the duodenum
[4]. If GISTs arise from the C loop of the duodenum,
they are difficult to differentiate from a pancreatic head
mass because of anatomical proximity [5, 6]. GISTs are
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often hypervascular tumors and demonstrate a hyper-
vascular pattern in the multiphasic dynamic computed
tomography (CT) or magnetic resonance imaging (MRI)
[7]. Pancreatic neuroendocrine tumors (pancreatic NETs)
also demonstrate a hypervascular pattern on CT or MRI
imaging [8, 9]. Therefore, close proximity of duodenal
GISTs to pancreatic head often mimics hypervascular
pancreatic head NETs [4, 5, 10, 11]. However, the
treatment options and prognosis of GISTs and pancre-
atic NETs are substantially different, since GISTs exhibit
a broad spectrum of clinical behaviors and the prognosis
varies depending on the biological behaviors of GISTs
[12]. Considering the high potential of malignancy
associated with GISTs, complete surgical resection with
negative microscopic margins should be considered as
the standard treatment choice for resectable localized
GISTs [13]. Moreover, adjuvant therapy with imatinib
has been proposed for GIST surgical resection patients
because of the substantial risk of relapse [6]. Pancreatic
NETs are considered to be potentially malignant, but
have a wide spectrum of aggressiveness and growth
pattern [14]. Duodenum-preserving pancreatic head
resections are increasingly performed for tumors located
in the pancreatic head compared with classical pancreatic
resections due to improvements in procedure-related
morbidity [15]. In addition, somatostatin analogues,
everolimus, and sunitinib can prolong progression-free
survival in unresectable progressive cases of pancreatic
NETs [16]. Due to differences in treatment options and
surgical outcomes for these two tumors with close
anatomical proximity, there is great clinical value in
clearly differentiating duodenal GISTs from pancreatic
head NETs with preoperative imaging.

Contrast-enhanced CT (CE-CT) is the primary
imaging modality for evaluating patients with suspected
pancreatic diseases [17–20]. A comprehensive analysis of
the CT findings of duodenal GISTs compared with
pancreatic head NETs would be of great value. To the
best of our knowledge, no study has shown the role of
CE-CT in distinguishing duodenal GISTs from pancre-
atic head NETs. Therefore, the purpose of this study was
to investigate the potential for diagnostic differentiation
between duodenal GISTs and pancreatic head NETs by
CT imaging.

Materials and methods

Patients

The institutional review board approved this study, and
patient informed consent was waived due to its retro-
spective nature. Forty-one patients with pathologically
confirmed duodenal GISTs through needle biopsy or
postoperative specimen between December 2013 and
February 2017 were identified from two institutions.
Exclusion criteria were as follows: (a) absence of pre-
operative CT examination or lack of dynamic CE-CT

images (n = 9); or (b) tumor location far from the C
loop of the duodenum (n = 15). A total of 17 patients
(10 men and 7 women) with duodenal GISTs close to the
C loop of the duodenum were included in our study
(Fig. 1). The mean age was 54.2 ± 9.3 years (age range
39–77).

We also identified 76 patients with pathologically
confirmed pancreatic NETs through needle biopsy or
postoperative specimen between July 2012 and December
2016. Tumor masses that showed equal or greater
enhancement level compared to the adjacent pancreatic
parenchyma at the arterial phase were considered as
hypervascular pancreatic NETs. Exclusion criteria were
as follows: (a) absence of preoperative CT examination
or lack of dynamic CE-CT images (n = 12); or (b) tumor
located in the body or the tail of the pancreas (n = 18);
(c) tumors not defined on preoperative CT (n = 5); or
(d) tumors that showed a hypovascular pattern at the
arterial phase (n = 16). A total of 25 patients (8 men and
17 women) with hypervascular pancreatic head NETs
were included in our study (Fig. 1). The mean age was
50.7 ± 14.0 years (age range 28–79).

Pathological analysis

The tumor specimens were fixed in 10% formalin for
24 h. Then, the specimens were embedded in paraffin and
sectioned for hematoxylin–eosin (H&E) staining (4 lm
thick each sections). Immunohistochemistry was used to
confirm the presence of pancreatic NETs by a patholo-
gist with 14 years of experience in gastroenterology
pathology. A comprehensive immunohistochemical
analysis of chromogranin A (CgA), neuron-specific
enolase (NSE), and synaptophysin (Syn) was conducted,

Fig. 1. Flow diagram of study group inclusion process.
Duodenal GISTs, duodenal gastrointestinal stromal tumors;
Pancreatic NETs, pancreatic neuroendocrine tumors; CT,
computed tomography.
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and pathological tumor grades of pancreatic NETs were
determined by counting the number of mitoses per 10
high-power fields and detecting the Ki-67 proliferation
index according to the WHO 2010 classification [21].
Tumors from 23 patients were classified as G1 NETs and
two were G2 NETs. GISTs were confirmed with
immunohistochemistry and histopathological examina-
tion of specimens obtained after surgery or from biopsy
by detecting the presence of GIST-associated markers
CD117, CD34, and DOG-1 in tissue samples.

CT imaging technique

Pathologically diagnosed patients underwent multide-
tector spiral CT examination (Philips Brilliance 64; Phi-
lips Healthcare, DA Best, the Netherlands, n = 29; or
Lightspeed, VCT, or Discovery HD750, GE Healthcare,
Milwaukee, WI, USA, n = 13). After a plain CT scan,
all patients received a contrast media dosage (Omni-
paque 350 mg I/mL at 1.2 mL/kg body weight, GE
Healthcare) at a rate of 3.0 mL/s followed by 40 mL
saline solution into an elbow vein via a power injector.
All CT scanning parameters were as follows: tube voltage
of 120 kVp, tube current of 240–300 mAs, helical pitch
of 1.375, gantry rotation time of 0.5 s, slice thickness of
3.0 mm, slice interval of 3.0 mm, and a reconstruction
interval of 1.25 mm. Fifteen patients with duodenal
GISTs and 22 with pancreatic head NETs underwent a
4-phase CT examination (unenhanced, arterial, portal
venous, and delayed phase). The other 2 patients with
duodenal GISTs and 3 with pancreatic head NETs
underwent a 3-phase CT examination (unenhanced,
arterial, and portal venous phase). The enhanced images
were collected at 30 s for the arterial phase, 60 s for the
portal venous phase, and 120 s for the delayed phase
imaging.

Qualitative and quantitative CT image analysis

Two radiologists (with 6 and 8 years of experience in
abdominal radiology) with no prior knowledge of de-
tailed histopathological information of any patients re-
viewed CT images independently. Consensus was
reached through discussion or by referral to a third
radiologist (with 13 years of experience in abdominal
radiology). Features evaluated on the CT images in-
cluded tumor central location (close to the duodenum,
close to the pancreatic head, or uncertain), tumor mar-
gin, texture, calcification, and pancreatic duct dilatation.
Tumor central location was evaluated based on the axial
images with the largest cross-sectional area of the tumor
and the reconstructed coronal images. A well-defined
margin was defined as a smooth and clearly visible
margin. A poorly defined margin was defined as spicu-
lation or infiltration on > 90� of the tumor perimeter
[22]. Tumor texture was divided into solid (cystic or ne-

crotic component of less than 10%), predominantly solid
(cystic or necrotic component of 10–50%), and predom-
inantly cystic (cystic or necrotic component of more than
50%) [23]. The cystic or necrotic components in the tu-
mor were defined as either possessing CT attenuation
< 20 Hounsfield units (HU) on unenhanced images or
by the absence of enhancement on contrast-enhanced
images. Pancreatic duct dilatation was defined as a
diameter ‡ 4 mm [24].

The tumor size [centimeter (cm)] and CT attenuation
values (HU) of the tumors were measured at each phase
by another radiologist (with 15 years of experience in
abdominal radiology). CT attenuation values of the tu-
mors were determined by drawing a region of interest
(ROI) in the solid part of tumor showing the most
remarkable enhancement as large as possible (at least
30 mm2) avoiding intratumoral calcification and cystic
or necrotic components. The ROI was placed on the
same equivalent site for each phase CT. Each ROI
measured 3 times, and the average value was calculated.

Statistical analysis

A kappa analysis was used to evaluate interobserver
agreement. Categorical variables were presented as the
number of cases (percentage) and were analyzed by using
Chi-square or Fisher’s exact tests. Quantitative variables
were presented as mean ± SD and were analyzed using a
Mann–Whitney U test. The receiver operating charac-
teristic (ROC) curve was generated to assess diagnostic
performance and determine the optimal cutoff values for
the most significant CT findings that could be used to
differentiate duodenal GISTs from pancreatic head
NETs. The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
accuracy for the differentiation between duodenal GISTs
and pancreatic head NETs were measured for each
parameter. A p value < 0.05 was considered a signifi-
cant statistical difference. All statistical analyses were
performed using SPSS (version 19.0 IBM Corp. IBM
SPSS Statistics for Windows).

Results

Clinical data

All clinical data are shown in Table 1. Seventeen patients
with pathologically confirmed duodenal GISTs through
needle biopsy (4 cases) or surgery (13 cases) and 25 pa-
tients with pathologically confirmed pancreatic head
NETs through needle biopsy (10 cases) or surgery (15
cases) were included and compared in our study. No
difference was found for demographic data or clinical
symptoms between the two groups. However, diarrhea or
abdominal bloating was more common in patients with
pancreatic head NETs compared with duodenal GIST
patients (56% vs. 23.5%, p > 0.05). Functioning tumors
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were found in 4 patients with pancreatic NETs: 2
insulinomas, 1 glucagonoma, and 1 somatostatinoma.

CT findings: qualitative and quantitative
analysis

The interobserver agreements ranged from moderate to
near perfect (j = 0.75 for tumor central location,
j = 0.81 for tumor margin, j = 0.90 for tumor texture,
j = 1.0 for calcification, and j = 0.79 for upstream
pancreatic duct dilatation).

CT findings of duodenal GISTs and pancreatic head
NETs are summarized in Table 2. No significant differ-
ence was observed with respect to tumor margin, calci-
fication, or pancreatic duct dilatation. There was a
significant difference in tumor central location between
the two groups (p < 0.01). Closer proximity to the
duodenum was more common in duodenal GISTs com-
pared with pancreatic head NETs (58.8% vs. 8.0%).
Figure 2 shows that tumor central location is close to the
third portion of the duodenum, a typical case in duo-
denal GISTs. Figure 3 shows a typical case in pancreatic
head NETs, of which tumor central location is close to
the pancreatic head. In addition, our study demonstrated
that duodenal GISTs showed a higher frequency of a
predominantly solid tumor type compared with pancre-
atic head NETs (58.8% vs. 24.0%, p = 0.02). Supple-
mental Figs. 1 and 2 demonstrate two cases of pancreatic
head NETs and duodenal GISTs, respectively.

The size (mean ± SD) and CT attenuation values
(mean ± SD) of duodenal GISTs and pancreatic head
NETs are shown in Table 2. The mean size of duodenal
GISTs was larger than that of pancreatic head NETs
(3.3 ± 0.9 cm vs. 2.5 ± 1.1 cm, p = 0.03). The
enhancement level of duodenal GISTs was significantly
lower than that of pancreatic head NETs at the arterial

phase (112.9 ± 17.9 HU vs. 137.4 ± 32.1 HU,
p < 0.01). The enhancement level of duodenal GISTs at
the delayed phases was significantly higher than that of
pancreatic head NETs (94.3 ± 7.9 HU vs. 84.9 ± 10.4
HU, p < 0.01). The comparisons of tumor size and
contrast enhancement at the arterial phase between
duodenal GISTs and pancreatic head NETs are
demonstrated in Fig. 4. Figure 5 shows that enhance-
ments of duodenal GISTs and pancreatic head NETs
reached peak values at the arterial phase, and CT
attenuation values of the two groups showed a washout
pattern at the portal venous phase.

Imaging feature diagnostic performance

We subsequently assessed the diagnostic performance
of the CT findings in differentiating duodenal GISTs
from pancreatic head NETs (Table 3). The area under
the curve (AUC) ranged from 0.674 to 0.862. The
sensitivity and specificity ranged from 58.9% to 93.3%
and from 58.8% to 94.1%, respectively. The accuracies
with tumor central location, tumor texture, mean tu-
mor size, CT attenuation values at the arterial phase
(ACE), and delayed phase (DCE) ranged from 64.3%
to 86.3%. The positive and negative predicative values
ranged from 55.6% to 95.0% and 62.5% to 94.7%,
respectively.

The sensitivity and specificity of each cutoff value and
ROC analysis of the tumor size, ACE, and DCE are
summarized in Fig. 6. The optimal cutoff value of
2.75 cm of tumor size was determined by maximizing the
sum of sensitivity and specificity with 82.4 sensitivity, 72
specificity, and 76.2 accuracy. The optimal cutoff value
of 135 HU was determined at the arterial phase with 76
sensitivity, 94.1 specificity, and 83.3 accuracy, and 89.5
HU at the delayed phase with 93.3 sensitivity, 81.8

Table 1. Clinical characteristics of patients with duodenal gastrointestinal stromal tumors (duodenal GISTs) and those with hypervascular
pancreatic neuroendocrine tumors in pancreatic head (pancreatic head NETs)

Characteristics Duodenal GISTs
(n = 17)

Pancreatic head NETs
(n = 25)

p values

Age (years)a 54.2 ± 9.3 50.7 ± 14.0 0.36b

Gender
Male 10/17 (58.8%) 8/25 (32.0%) 0.09
Female 7/17 (41.2%) 17/25 (68.0%)

Clinical symptoms
Abdominal pain 10/17 (58.8%) 15/25 (60.0%) 0.94
Diarrhea or abdominal bloating 4/17 (23.5%) 14/25 (56.0%) 0.08
Yellow urine or icterus 1/17 (5.90%) 3/25 (12.0%) 0.90
Marasmus 1/17 (5.90%) 0 (0.0%) 0.84
Others 4/17 (23.5%) 3/25 (12.0%) 0.57
Asymptomatic 5/17 (29.4%) 6/25 (24.0%) 0.70

Pathology 0.44
Surgery 13 (76.5%) 15 (60.0%)
Biopsy 4 (23.5%) 10 (40%)

Unless otherwise specified, data are the number of patients and data in parentheses are the percentages
aData are presented as average ± standard deviations
bRepresents quantitative variables
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specificity, and 76.2 accuracy for the differential diag-
nosis of duodenal GISTs from pancreatic head NETs.
Tumor size, ACE, and DCE showed the acceptable ac-
curacies, sensitivities, and specificities.

Discussion

Duodenal GISTs and pancreatic head NETs are hyper-
vascular tumors and often demonstrate avid enhance-
ment at the arterial phase and can become cystic or

Table 2. Comparisons of CT findings between duodenal gastrointestinal stromal tumors (duodenal GISTs) and those with hypervascular pancreatic
neuroendocrine tumors in pancreatic head (pancreatic head NETs)

CT findings Duodenal GISTs
(n = 17)

Pancreatic head NETs
(n = 25)

p values

Mean tumor size (cm)a 3.3 ± 0.9 (1.9–5.2) 2.5 ± 1.1 (1.1–5.8) 0.03b

Tumor central location < 0.01
Close to the pancreatic head 2/17 (11.8%) 17/25 (68.0%)
Close to the duodenum 10/17 (58.8%) 2/25 (8.0%)
Uncertain 5/17 (29.4%) 6/25(24.0%)

Tumor margin 0.95
Well-defined 14/17 (82.4%) 22/25 (88.0%)
Ill-defined 3/17 (17.6%) 3/25 (12.0%)

Tumor texture 0.02
Solid 7/17 (41.2%) 19/25 (76.0%)
Predominantly solid 10/17 (58.8%) 6/25 (24.0%)
Predominantly cystic 0/17 (0.0%) 0/25 (0.0%)

Calcification 0.41
Present 1/17 (5.9%) 0/25 (0.0%)
Absent 16/17 (94.1%) 25/25 (100.0%)

Pancreatic duct dilatation 0.51
Present 0/17 (0.0%) 2/25 (8.0%)
Absent 17/17 (100.0%) 23/25 (92.0%)

CT contrast enhancement (HU)a

Arterial phase 112.9 ± 17.9 137.4 ± 32.1 < 0.01
Portal venous phase 100.9 ± 13.3 109.4 ± 23.0 0.12
Delayed phase 94.3 ± 7.9 84.9 ± 10.4 < 0.01

Unless otherwise specified, data are the number of patients and data in parentheses are the percentages
HU, Hounsfield unit
aData are presented as average ± standard deviations
bRepresents quantitative variables

Fig. 2. CT images in a 69-year-old woman with duodenal
GISTs. A Unenhanced axial CT image demonstrates an
isoattenuating mass (arrows) between the third portion of
duodenum and the processus uncinatus of the pancreas. B–
D Arterial phase (B), portal venous phase (C), and delayed

phase (D) CT images reveal a 1.4-cm well-defined,
hyperattenuating tumor compared with the adjacent
parenchyma (arrows). E Coronal CT image shows a
hyperintense enhancing mass (arrows), and tumor central
location is close to the third portion of the duodenum.
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necrotic in appearance as they grow larger [25–27].
Moreover, when duodenal GISTs grow outward exo-
phytically from the duodenum toward the pancreatic
head, they are very difficult to differentiate from pan-
creatic head NETs [25]. However, treatment approaches
for patients with duodenal GISTs and pancreatic head
NETs are different. Pancreas-sparing duodenectomy
may be indicated for duodenal GISTs involving the
second portion of the duodenum [13], while duodenum-
preserving pancreatic head resections may be proposed
for pancreatic head NETs [15]. It is vital to preopera-
tively distinguish GIST and pancreatic head NET tu-
mors. Our results demonstrate that two qualitative CT
findings, including tumor central location and texture,
and three quantitative CT findings, including tumor size,
ACE, and DCE, are statistically significant predictors in
the differentiation of those two tumors.

Cai et al. [28] reported that 94.1% of duodenal GISTs
showed a well-defined margin and that calcification was
less common in duodenal GISTs (8.8%). Park et al. [29]
reported that 100% of pancreatic head NETs showed a
well-defined margin, in which calcification was detected
with a frequency of 13.3%. Moreover, only 23.3% of
pancreatic head NETs presented with pancreatic duct
dilatation. In our study, 82.4% of duodenal GISTs and
88% of pancreatic head NETs had a well-defined margin,
which was consistent with previous studies [28, 29].
Notably, both duodenal GISTs and pancreatic head
NETs showed lower frequencies of calcification and

pancreatic duct dilatation. There were no significant
differences in tumor margin, calcification, or pancreatic
duct dilatation between the two tumors.

However, there were significant differences with re-
spect to tumor central location, size, and texture between
duodenal GISTs and pancreatic head NETs. Duodenal
GISTs most frequently involve the second portion of the
duodenum, followed by the third portion, fourth por-
tion, and first portion [11]. It is challenging to differen-
tiate duodenal GISTs involving the second or the third
portion of the duodenum from a pancreatic head mass
because of the adjacent anatomical sites. Accurate
diagnosis is typically contingent upon identifying the
remaining fat plane between the tumor itself and the
adjacent pancreas or the adjacent gastrointestinal wall
[30, 31]. Combined with axial CT images, multiplanar
reformation (MPR), especially coronal images, may
provide us with more detail about the origin of the mass,
as we can more clearly observe the spatial relationship
between the tumor and duodenum or pancreatic head. In
our study, we found that duodenal GISTs showed a
higher frequency of being close to the duodenum when
compared with pancreatic head NETs. However, deter-
mining the precise origin of the tumor when it was lo-
cated between the duodenum and pancreatic head, or
when it was too large to be delineated on images, was
difficult. Moreover, we observed that the mean size of
duodenal GISTs was larger than that of pancreatic head
NETs. Cai et al. [28] reported that 61.8% of duodenal

Fig. 3. CT images in a 56-year-old woman with pancreatic
head NET. A Unenhanced axial CT image shows an isodense
mass (arrows) between the third portion of duodenum and the
processus uncinatus of the pancreas. B, C Arterial phase
(B) and portal venous phase (C) CT images show a 2.0-cm

well-defined, hyperattenuating tumor compared with the
adjacent parenchyma (arrows). D The tumor shows
isoattenuation in the delayed phase. E Coronal image shows
a hyperintense enhancing mass (arrows), and tumor central
location is close to the processus uncinatus of the pancreas.
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GISTs presented with necrosis or cystic degeneration. In
our cases, 58.8% of duodenal GISTs were defined as
predominantly solid tumors, which was consistent with
previous reports. Takumi et al. [32] reported that cystic
or necrotic degeneration could be seen in 18.5% of
pancreatic NETs. Our study showed that 24% of pan-
creatic head NETs were defined as predominantly solid
tumors, and the frequency was significantly lower than
that of duodenal GISTs.

Previous studies compared the enhancement patterns
of GISTs and NETs originating from the small bowel [7];
however, no study compared the enhancement patterns
of duodenal GISTs and pancreatic head NETs. It was
reported that duodenal GISTs usually show rapid
enhancement followed by washout at the portal venous
phase [7] and that hypervascular pancreatic NETs usu-
ally reach peak attenuation at the arterial phase followed
by washout at the portal venous phase [32]. In our study,
the enhancement patterns demonstrated that both duo-
denal GISTs and pancreatic head NETs reached the peak
attenuation at the arterial phase, followed by a washout
at the portal venous phase. A similar trend was observed
in these two tumors. However, based on the calculation

Fig. 4. Comparisons of contrast enhancement levels at the
arterial phase between duodenal GISTs (A–C) and pancreatic
head NETs (D–F) for six patients. The CT attenuation values of
all 3 duodenal GISTs were lower than those of 3 cases of
pancreatic head NETs at the arterial phase. The mean size of
all 3 duodenal GISTs was larger than that of 3 cases of
pancreatic head NETs. A 69-year-old woman with a 3.5-cm
round hyperdense mass (arrows) between the third portion of
duodenum and the processus uncinatus of the pancreas, and
tumor central location is close to the third portion of the
duodenum. CT attenuation value of the tumor is 108HU. B 39-
year-old woman with a 2.9-cm oval hyperdense mass (arrows)
between the inner wall of the duodenum and the pancreatic
head, and tumor central location is uncertain. CT attenuation

value of the tumor is 110HU. C 63-year-old man with a 6.2-cm
round hyperdensemass (arrows), the origin of tumor cannot be
defined as the tumor is too large. CT attenuation value is
115HU. D 30-year-old woman with a 1.5-cm round
hyperattenuating mass (arrows) between the third portion of
the duodenum and the processus uncinatus of the pancreas,
and tumor central location is uncertain. CT attenuation value of
the tumor is 126HU. E 28-year-old woman with a 2.2-cm oval
hyperattenuatingmass (arrows) between the third portionof the
duodenum and the processus uncinatus of the pancreas, and
tumor central location is close to the pancreatic head, and CT
attenuation value of the tumor is 206HU. F 79-year-old woman
with a 1.8-cm round hyperattenuating mass (arrows) close to
the duodenum. CT attenuation value of the tumor is 160HU.

Fig. 5. Patterns of enhancement on multiphasic imaging of
duodenal GISTs and pancreatic head NETs. The CT
attenuation values of duodenal GISTs and pancreatic head
NETs were 39.4 ± 4.9 HU and 41.8 ± 5.0 HU on
unenhanced CT images, respectively. The curves represent
attenuation values (mean ± SD) for each phase.
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of enhancement levels, an arterial threshold of 135 HU
and a delayed threshold of 89.5 HU can be used to dif-
ferentiate duodenal GISTs from pancreatic head NETs.
A CT attenuation value of £ 135 HU at the arterial
phase was 76% sensitive, 94.1% specific, and 83.3%
accurate for the diagnosis of duodenal GISTs vs. pan-
creatic head NETs, while a CT attenuation value of ‡
89.5 HU at the delayed phase was 93.3% sensitive,
81.8% specific, and 76.2% accurate for the diagnosis of
those two tumors. Generally speaking, a pancreatic
parenchymal phase (40 or 45 s) and a portal venous
phase (65 or 70 s) are more common for pancreas during
CE-CT examination. However, considering that the late
arterial (30 s) or pancreatic parenchymal phase (40 s) is
mandatory allowing an increased detection of small
functioning PNET in particular for insulinoma [33], a
routine scan delays consisting of an arterial phase (30 s),
a portal venous phase (60 s), and/or a delayed phase
(120 s) are performed for pancreas examination in our

institution. In addition, late arterial or pancreatic
parenchymal phase can also increase the detection of
hepatic metastases [34]. According to the time-density
curves of 2 entities in our study, the enhancement levels
of pancreatic head NETs were significantly higher than
those of duodenal GISTs at the arterial (30 s) and portal
phase (60 s); Hence, the estimated enhancement level of
pancreatic head NETs may be significantly higher than
that of duodenal GISTs at pancreatic parenchymal phase
(40 or 45 s). Our study indicates that the enhancement
levels on multiphasic CT can provide a simpler, less
invasive method of performing the differential diagnosis
of these two tumors.

Although our study is the first to evaluate CE-CT
findings in differentiating duodenal GISTs from pan-
creatic head NETs, there are several possible limita-
tions. First, our patients underwent CT examinations
with various CT scanners. These limitations could not
be avoided as the study itself was retrospective. Second,

Table 3. Diagnostic performances of CT imaging features

Variables AUC Sensitivity (95% CI) (%) Specificity (95% CI) (%) PPV (%) NPV (%) Accuracy (%)

Tumor central location 0.722 58.9 (33.5–80.6) 68.0 (46.4–84.3) 55.6 70.8 64.3
Tumor texture 0.674 76.0 (54.5–89.8) 58.8 (33.5–80.6) 73.1 62.5 69.0
Mean tumor size 0.779 82.4 (55.8–95.3) 72.0 (50.4–87.1) 66.7 85.7 76.2
ACE 0.819 76.0 (54.5–89.8) 94.1 (69.2–99.7) 95 72.7 83.3
DCE 0.862 93.3 (66.0–99.7) 81.8 (59.0–94.0) 77.8 94.7 76.2

AUC, area under curve; PPV, positive predictive value; NPV, negative predictive value; ACE, arterial contrast enhancement; DCE, delayed contrast
enhancement; CI, confidence interval

Fig. 6. Receiver operating characteristic (ROC) curves of the tumor size, CT contrast enhancement in the arterial phase
(ACE), and delayed phase (DCE) for differentiating duodenal GISTs from pancreatic head NETs.
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our study included a relatively small number of pa-
tients. Despite the small number of patients, previous
studies were solely case reports about a GIST of the
duodenum misdiagnosed as a pancreatic head NET [4–
6, 10, 11]. Third, we used a fixed-delay method for CE-
CT, and the enhanced images were collected at 30 s for
the arterial phase, not the so-called pancreatic
parenchymal phase. Further studies comparing those
two tumors at pancreatic parenchymal phase (40 or
45 s) are needed. Fourth, only CE-CT was investigated.
The role of other imaging modalities, particularly
endoscopic ultrasound-guided fine-needle aspiration
(EUS-FNA) or hybrid techniques (e.g., octreotide
SPECT) may be helpful in diagnosis of those two tu-
mors [16, 35–37]. Although CE-CT, especially CT
attenuation values, may provide us with clues to dif-
ferentiate duodenal GISTs from pancreatic head NETs
with a noninvasive method, it is also important to ob-
tain tissue confirmation, e.g., biopsy. Our study is
consequential for the possibility of distinguishing be-
tween the two tumors using CE-CT.

In conclusion, tumor central location close to the
duodenum, a predominantly solid tumor type, size >

2.75 cm, and a CT attenuation value of £ 135 HU at the
arterial phase (30 s) and a CT attenuation value of ‡
89.5 HU at the delayed phase (120 s) were shown to be
useful CT findings with which to discriminate duodenal
GISTs from hypervascular pancreatic head NETs.
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Duodenal gastrointestinal stromal tumor presenting as pancreatic
head mass: a case report. Rom J Morphol Embryol 58:255–259

7. Shinya T, Inai R, Tanaka T, et al. (2017) Small bowel neoplasms:
enhancement patterns and differentiation using post-contrast
multiphasic multidetector CT. Abdom Radiol 42:794–801

8. Zamboni GA, Ambrosetti MC, Zivelonghi C, et al. (2017) Solid
non-functioning endocrine tumors of the pancreas: correlating
computed tomography and pathology. HPB 19:986–991

9. Kim JH, Eun HW, Kim YJ, et al. (2016) Pancreatic neuroendocrine
tumour (PNET): staging accuracy of MDCT and its diagnostic per-
formance for the differentiation of PNET with uncommon CT
findings from pancreatic adenocarcinoma. Eur Radiol 26:1338–1347

10. Bormann F, Wild W, Aksoy H, et al. (2014) A pancreatic head
tumor arising as a duodenal GIST: a case report and review of the
literature. Case Rep Med 2014:420295

11. Uchida H, Sasaki A, Iwaki K, et al. (2005) An extramural gas-
trointestinal stromal tumor of the duodenum mimicking a pan-
creatic head tumor. J Hepatobiliary Pancreat Surg 12:324–327

12. Kwon HJ (2010) Extra-gastrointestinal stromal tumor of the pan-
creas: report of a case. AnnHepatobiliary Pancreat Surg 21:237–242

13. Valsangkar N, Sehdev A, Misra S, et al. (2015) Current manage-
ment of gastrointestinal stromal tumors: surgery, current
biomarkers, mutations, and therapy. Surgery 158:1149–1164

14. Sahani DV, Bonaffini PA, Fernández-Del Castillo C, Blake MA
(2013) Gastroenteropancreatic neuroendocrine tumors: role of
imaging in diagnosis and management. Radiology 266:38–61

15. Beger HG (2018) Benign tumors of the pancreas—radical surgery
versus parenchyma-sparing local resection—the challenge facing
surgeons. J Gastrointest Surg 22:562–566

16. Cloyd JM, Poultsides GA (2015) Non-functional neuroendocrine
tumors of the pancreas: advances in diagnosis and management.
World J Gastroenterol 21:9512–9525

17. Singhal S, Prabhu NK, Sethi P, Moorthy S (2017) Role of multi
detector computed tomography (MDCT) in preoperative staging of
pancreatic carcinoma. J Clin Diagn Res 11:TC01–TC05

18. Kim C, Byun JH, Hong SM, et al. (2017) A comparison of
enhancement patterns on dynamic enhanced CT and survival be-
tween patients with pancreatic neuroendocrine tumors with and
without intratumoral fibrosis. Abdom Radiol 42:2835–2842
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