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Background: It is critical for an accurate preoperative diagnosis of heterotopic pancreas (HP) and small gastrointestinal stromal
tumor (GIST), given the unique treatment and prognosis of the two tumors. This study aims to investigate HP’s computed
tomography (CT) features and identify the distinguishing characteristics between HP and small GIST.

Methods: From January 2016 to August 2020, our hospital database was searched for confirmed histopathological results and
CT scans for HP and GIST for further analysis. The statistically significant variables were determined by using Fisher’s exact
test, the Mann-Whitney U test, the receiver operating characteristic (ROC) curve and the inverse probability weighting method.
Results: CT images and clinical data were reviewed for 24 participants with HP and 34 patients with small GIST. Contour,
border, relative enhancement grade, surface dimple, duct-like structure, short diameter (SD), attenuation of each lesion in the
unenhanced phase (Lp), and the enhancement ratio of tumor in the venous phase (ER) were significant for differentiating HP
from small GIST. Threshold values for SD and Lp were 1.40 cm and 42.33 Hounsfield units, respectively. Ill-defined border,
surface dimple, ductlike structure, and Lp were independent factors that differentiated HP from small GIST. Additionally, SD
and ER were also found to be independent factors.

Conclusions: Contour, relative enhancement grade, SD, and Lp could effectively differentiate HP from small GIST, demonstrat-
ing improved diagnostic performance compared to other parameters. The presence of ductlike structures and surface dimples
could further characterize HP. These findings may help distinguish HP from small GIST and avoid unnecessary invasive exam-

ination and therapy in individuals with asymptomatic HP.
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Introduction

Heterotopic pancreas (HP), commonly located in the
stomach, duodenum, and proximal jejunum, is defined as
isolated pancreatic tissue outside the normal pancreas and
without any vascular and anatomic continuity [1—4]. This
tumor is usually discovered incidentally during an unrelated
operation or imaging evaluation, as most of the lesions are
generally asymptomatic. However, in some cases, a few
lesions are detected because of clinical symptoms caused by
complications such as pancreatitis, pseudocyst, and tumor
[5,6].

HP is usually found in the submucosa of the gastroin-
testinal tract. HP smaller than 4 cm in diameter can be eas-
ily misdiagnosed as gastrointestinal stromal tumor (GIST),
the most common submucosal tumor [3,7,8]. The treat-
ment and prognosis between HP and GIST are quite dif-
ferent. HP is described as a nearly benign lesion that re-
quires follow-up. GIST, however, is thought to have ma-
lignant potential, as this tumor can recur locally and spread

to the liver and peritoneum. Accordingly, surgery is the
first choice of treatment for GIST, and administration of
tyrosine kinase inhibitors is required if metastasis occurs
[9,10]. Hence, an accurate preoperative diagnosis is nec-
essary for HP and GIST. Since HP and GIST share simi-
lar clinical presentations, only relying on clinical symptoms
for diagnosis is problematic. Previous studies have shown
that computed tomography (CT), the most routinely used
noninvasive imaging examination, is essential in the preop-
erative evaluation of gastrointestinal tumors [11,12]. Cur-
rently, a few studies have reported CT findings of patients
with HP and identified characteristics that distinguish HP
from GIST, such as location, contour, and margin [3,7,8].
However, these investigations mostly focused on CT-based
morphologic HP analysis, and the conclusions need further
confirmation. Additionally, previous studies did not em-
ploy logistic regression analysis, which could reveal more
reliable diagnostic characteristics between HP and GIST
[3,7,8]. Therefore, in this retrospective study, the authors
aimed to describe CT findings of HP and to determine in-
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dependent factors that differentiate HP from GIST by using
the inverse probability (IP) weighting method.

Materials and Methods

Patients

This retrospective study was approved by the Review
Committee of Beijing Friendship Hospital, Capital Medical
University (2023-P2-308-01). And informed consent for
CT scanning was obtained from each participant included
in this study. The hospital database was searched to iden-
tify pathological results for HP and GIST between January
2016 and August 2020. Initially, a total of 498 patients were
found, including 63 patients with HP and 435 with GISTs.
Inclusion criteria for our study were as follows: (1) surgical
resection of lesions and a histopathologic diagnosis of HP
or GIST; (2) availability of patients’ contrast-enhanced and
reconstructed CT images; (3) presence of a single lesion;
and (4) lesions less than 4 cm in diameter to avoid potential
bias caused by size differences, as most previously reported
cases of HP, including those presenting at our hospital had
tumors smaller than 4 cm. Among the 498 patients, 359 pa-
tients with GIST larger than 4 cm in diameter were excluded
at imaging measurement. Additionally, 39 HP tumors and
42 GISTs were excluded due to a lack of CT images. Con-
sequently, 24 patients with HP (14 men and 10 women) and
34 with GIST (19 men and 15 women) were included in this
study (Fig. 1).

63with HP, 435 with GIST confirmed by
pathology from January 2016 to August 2020

Exclusion criteria:

1) long diameter of lesions greater than 4 cm
(n=359)

2) unavailable plain and contrast-enhanced CT
images (n=72)

3) lesion undetectable visible on CT images (n=9)

Fig. 1. Flowchart of patients included in the study. HP, hetero-

topic pancreas; GIST, gastrointestinal stromal tumor; CT, com-
puted tomography.

CT Technique

All CT examinations were performed using a GE Dis-
covery CT750 HD scanner (GE Healthcare, Waukesha, W1,
USA). CT images were obtained with the following param-
eters, as patients held their breath: 120 kVp; automatic
mA; pitch coefficient, 0.984; collimator width, 40 mm;
slice thickness, 5 mm; and display field-of-view, 25-30 cm.
Scanning ranged from the dome of the diaphragm to the
level of the kidneys. For the contrast-enhanced CT scan,
450 mg I/kg of iodine (Omnipaque-350, GE Healthcare,
Chicago, IL, USA) was injected intravenously at a flow rate

279

of 3 mL/s via a power injector. The arterial phase acquisi-
tion was performed using the bolus-tracking technique. The
region of interest (ROI) was placed in the descending tho-
racic aorta. When the CT value of the ROI reached 100
Hounsfield units (HU), a scan was automatically triggered
after a delay of 7 s. The portal venous phase was obtained
30 s after the end of the arterial phase. All patients under-
went dual-phasic CT, which included unenhanced, arterial,
and portal phase scanning. All images were reconstructed
in the axial plane at a slice thickness of 1.25 mm and an
interval of 1.25 mm.

Imaging Analysis

All CT images were assessed after consensus by two
experienced radiologists with 8 and 6 years of expertise in
abdominal CT diagnosis, who were blinded to the surgical
and histopathologic results. They reviewed CT images at
Advantage workstation (version 4.6, GE Healthcare, Mil-
waukee, WI, USA).

Qualitative Analysis

For all lesions, the following CT morphologic param-
eters were evaluated: (1) location; (2) contour; (3) growth
pattern; (4) lesion border; (5) enhancement pattern and de-
gree; (6) the presence of surface dimples; (7) prominent en-
hancement of the overlying mucosa; and (8) the presence
of a ductlike structure [13]. Lesions were recorded as bell-
shaped, round, ovoid, dumbbell, or flat [3,8]. Growth pat-
terns were classified as endoluminal, exoluminal, or mixed
[3,8]. Enhancement patterns (homogeneous versus hetero-
geneous) were evaluated, and the relative enhancement de-
gree (high, intermediate, or low) of the lesions was com-
pared to the enhancement of the main pancreas in the ar-
terial phase. In addition, tumor-related complications were
also analyzed.

Quantitative Analysis

The long diameter (LD) and the short diameter (SD)
of all lesions were measured, and the aspect ratios (LD/SD)
were calculated. To evaluate the relative degree of enhance-
ment in the two types of tumors, CT attenuation values
(HU) of lesions (L), as well as the abdominal aortas (A)
in the same layer and the pancreas (P), were measured in
the unenhanced phase (p), arterial phase (a), and venous
phase (v) using 10-20 mm? circular ROIs. The ROI was
carefully drawn in the solid portion of the lesion, avoid-
ing adjacent structures. An average of three measurements
per lesion (abdominal aorta and pancreas) were performed.
CT attenuation values of the tumors (abdominal aortas and
pancreas) were recorded as Lp (Ap and Pp), La (Aa and
Pa), and Lv (Av and Pv), respectively. To standardize
CT values of the lesions with different injection rates and
doses, as well as individual circulation levels in different
patients, the Lp/Ap (Sp), La/Aa (Sa), and Lv/Av (Sv) ratios
were further calculated [8]. Moreover, the tumor enhance-
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Fig. 2. Heterotopic pancreas in the duodenum in a 60-year-old woman. Axial (A) and coronal (B) portal venous phase CT images

showed a 1.3 cm, ill-defined, bell-shaped (arrowheads), endoluminal intramural mass with homogeneous enhancement in the duodenum

(similar to the enhancement of the orthotopic pancreas). A small ductlike structure (white arrows) was observed within the lesion,

extending to the surface.

Fig. 3. Heterotopic pancreas (HP) in the stomach antrum in a 51-year-old man. Oblique coronal (A), and sagittal (B) contrast-

enhanced CT images acquired in the portal venous phase showed a solid intramural mass with heterogeneous enhancement in the stomach

antrum (similar to the enhancement of the orthotopic pancreas). Note surface dimple (white arrows).

ment value (HUarterial - HUplain; HUvenous - HUplain): the tu-
mor enhancement ratio (ERa [HUrterial — HUplain/HUplain],
ER [HUyenous — HUplain/HUpiain]), and the tumor enhance-
ment ratio to pancreas in the arterial and venous phases
(HUtumor/HUpancreas, ERPa, and ERPv) were also calculated

[7].

Statistical Analysis

To assess categoric variables between HP and small
GIST including demographic data (sex and presentation)
and qualitative CT features, Fisher’s exact tests were
used. Due to the non-normal distribution of patients’ age
and quantitative CT characteristics as determined by the
Shapiro-Wilk test, the Mann-Whitney U test was employed
to analyze these continuous variables. The diagnostic per-
formance was analyzed using receiver operating character-

istic (ROC) analysis, and we chose an appropriate threshold
value which yielded a threshold level with high sensitivity
and specificity. Independent factors focused on differenti-
ating between patients with HP and small GIST were iden-
tified using the IP weighting method. Data on patients’ de-
mographics, presenting symptoms, and CT results were ab-
stracted directly from patient medical records. Using CT
results as exposure factors of interest, we applied the IP
weighting method to determine these independent factors.
In detail, the IP weighting method removes confounding
information by creating a pseudo-population, in which the
probability of interest exposure is predicted via a logistic
regression on the basis of diagnosis age, sex, symptoms,
contour, growth pattern, border, enhancement pattern, en-
hancement grade, prominent enhancement of overlying mu-
cosa, surface dimple, and duct-like structure, referred as
P[E|L]. Thus, the IP weighting for patients being assigned
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Table 1. Demographics, presentation, and follow-up data of 24 patients with HP and 34 patients with small GIST.

HP (n=24) GIST (n=34) pvalue
Patient age (years), mean (range) 52.63 £9.04 58.15+9.33 0.015%*
Sex distribution 0.787
Female 10 (41.67%) 15 (44.12%)
Male 14 (58.33%) 19 (55.88%)
Presentation 0.078
Abdominal pain or discomfort 10 (41.67%) 15 (44.12%)
Asymptomatic 13 (54.17%) 11 (32.35%)
Digestive tract hemorrhage 1 (4.16%) 8 (23.53%)
Follow-up period (m), mean (range)  20.63 (2-55)  20.44 (3-40) 0.67
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GIST, gastrointestinal stromal tumor; HP, heterotopic pancreas; m, month.

*p < 0.05.

to the exposed group was 1/Pr[E|L], and that for the unex-
posed group was 1/(1-Pr[E|L]). In practice, to improve the
accuracy (i.e., the narrower range of the IP weights) of the
estimates, stabilized weights are recommended, in which
the re-estimated weight for patients in the exposed group
was Pr(E=1)/Pr(E=1|L) and that for patients in the unex-
posed group was (1-Pr(E=1))/(1-Pr(E=1|L)).

For statistical analysis, we used SPSS Statistics (ver-
sion 26.0; IBM Corp, Chicago, IL, USA), MedCalc (Ver-
sion 19.0.6; MedCalc Software bv, Ostend, Belgium), and
R (version 3.6.3, R Foundation for Statistical Computing,
Vienna, Austria).

Results

Clinical Information

Table 1 shows the clinical characteristics of all cases
as well as follow-up data. Sex distribution or symptoms
did not significantly differ between patients with HP and
those with small GIST; however, age distribution was sig-
nificantly different between the two groups (HP [mean age,
52.63 £ 9.04 years; range, 31-69 years] and small GIST
[mean age, 58.15 + 9.33 years; range, 37-73 years]; p <
0.05).

Morphologic Analysis

Table 2 summarizes the morphologic qualitative CT
findings of HP and small GIST. Tumor location was not
significantly different between patients with HP and small
GIST. The relative enhancement grade was significantly
different between these two groups (p = 0.003). Compared
to the main pancreas, HP showed lower attenuation in the
arterial phase (75.00%), while small GIST showed lower
or higher attenuation (97.06%). The presence of surface
dimples and ductlike structures were significant factors in
differentiating HP from small GIST (29.17% versus 0%, p
=0.001). In addition, one case with HP was complicated
by pseudocyst formation which was preoperatively misdi-
agnosed as a cystic-solid mass of the pancreas. No other
cases were complicated with acute pancreatitis or benign

and malignant neoplasms. No evidence of recurrence or
metastasis was observed in any patient. Representative im-
ages are presented in Figs. 2,3.

The SD and LD of HP masses were both smaller than
those of small GIST (SD [HP =1.34 4+ 0.45 cm, small GIST
=1.87 £ 0.57 cm]; LD [HP = 1.95 4+ 0.75 cm, small GIST
=2.35 &£ 0.68 cm]), with SD being significantly different
between the groups (p < 0.05). The LD/SD ratio for HP
masses was higher than that of small GIST (HP = 1.45 +
0.32, GIST = 1.28 4+ 0.22), but the values were not sig-
nificantly different. In the unenhanced phase, HP showed
higher mean CT attenuation than small GIST (45.42 + 9.05
HU for HP versus 37.41 4+ 4.51 HU for GIST; p < 0.05),
and Sp exhibited the same trends. HP had significantly
higher ER than small GIST (1.59 + 0.92 versus 1.12 +
0.44). La, Lv, Sa, Sv, enhancement value, ERa, ERPa, and
ERPv showed no significant differences between groups.

Sensitivity and Specificity Values for CT Diagnosis

Tables 3,4 summarize the sensitivity and specificity of
each important CT finding in differentiating HP from small
GIST. SD, Lp, and Sp had areas under ROC curves (AUC)
greater than 0.7, and demonstrated better performance than
other parameters in the differential diagnosis of HP from
small GIST (Fig. 4). Additionally, Lp and Sp had AUCs of
0.813 and 0.813, respectively, indicating the greatest abil-
ity of this differentiation. The threshold values for SD, Lp,
Sp, and ER were 1.40 cm, 42.33 HU, 0.93, and 0.97, respec-
tively. When five CT findings, including contour, enhance-
ment grade, SD, Lp, and Sp were used in combination, the
sensitivity and specificity for differentiating HP from small
GIST were 83.3% and 91.2%, respectively.

The IP weighting method was used to identify inde-
pendent factors that distinguish individuals with HP from
those with small GIST (Table 5). Further, we found that
border, presence of surface dimples and ductlike structures,
SD, Lp, Sp, and ER were independent factors. Furthermore,
ill-defined border, the presence of surface dimples and duct-
like structures, Lp, and Sp were all suggestive imaging find-
ings of HP.
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Table 2. Morphologic qualitative CT findings of heterotopic pancreas and small gastrointestinal stromal tumor.

CT finding HPs (n=24) GISTs (n=34) p value

Location 0.33
Cardia 0 (0.00%) 0 (0.00%)

Fundus 0 (0.00%) 5(14.71%)
Body 7 (29.17%) 11 (32.35%)
Angle 0 (0.00%) 0 (0.00%)
Antrum 5(20.83%) 6 (17.65%)
Duodenum 10 (41.67%) 11 (32.35%)
Jejunum/ileum 2 (8.33%) 1 (2.94%)

Contour 0.001*
Bell-shaped 7 (29.17%) 7 (20.59%)

Round 5(20.83%) 11 (32.35%)
Ovoid 4 (16.67%) 9 (26.47%)
Dumbbell 0 (0.00%) 7 (20.59%)
Flat 8(33.33%) 0 (0.00%)

Growth pattern 0.151
Endoluminal 16 (66.67%) 14 (41.18%)

Exophytic 3 (12.50%) 8(23.53%)
Mixed 5(20.83%) 12 (35.29%)

Border 0.001*
[11-defined 15 (62.50%) 6 (17.65%)
Well-defined 9 (37.50%) 28 (82.35%)

Enhancement pattern 0.333
Heterogeneous 3 (12.50%) 8(23.53%)
Homogeneous 21 (87.50%) 26 (76.47%)

Enhancement grade 0.003*
Similar to normal pancreas 5(20.83%) 1(2.94%)

Lower to normal pancreas 18 (75.00%) 21 (61.77%)
Higher to normal pancreas 1 (4.17%) 12 (35.29%)

Surface dimple 7 (29.17%) 0 (0.00%) 0.001*

Prominent enhancement of overlying mucosa 7 (29.17%) 9 (26.47%) 1.00

Duct-like structure 7 (29.17%) 0 (0.00%) 0.001%*

CT, computed tomography; GIST, gastrointestinal stromal tumor; HP, heterotopic pancreas.

*p < 0.05.

Discussion

In this study, nine CT features, including contour, bor-
der, relative enhancement grade, surface dimples, ductlike
structures, SD, Lp, Sp, and ER were considered significant
predictors for distinguishing HP from small GIST. Further-
more, the combination of these CT imaging findings can
improve the accuracy of differential diagnosis between the
two tumors. Additionally, ill-defined border, presence of
surface dimples and ductlike structures, Lp, and Sp were
identified as independent factors using the IP weighting
method. The findings of this study may help distinguish HP
from small GIST, potentially allowing patients with asymp-
tomatic HP to avoid unnecessary and invasive examination
and therapy.

In this study, 62.5% (15/24) of HP scans appeared
bell-shaped or as flat masses, whereas 58.8% GISTs were
more likely to be round or ovoid (20/34). Our results also
showed that the SD of HP masses was significantly smaller

than that of small GIST. This finding may be related to the
pathological tissue of HP, which is ectopic flat glandular tis-
sue with pancreatic acinar formation and duct development
[13—16]. Further, this result may also explain why HP has
an ill-defined margin. Ofthe 24, 15 (62.5%) HPs showed an
ill-defined border at CT imaging in our investigation, which
is similar to those reported with previous studies [2,3,7,8].
Unlike previous research, the tumor site was not found to be
a distinguishing feature between HP and small GIST in the
present study [2,3,7,8]. This inconsistency in results might
largely be due to differences in patient enrollment patterns
and the degree of distention of the upper gastrointestinal
tract [8,17].

In our study, the ductlike structure was only found in
patients with HP (7 0f 24, 29.2%). Moreover, the IP weight-
ing method indicated that ductlike structure was an indepen-
dent factor that differentiated HP from small GIST. There-
fore, this feature is probably a vital finding for the diagnosis
of HP. Previous research indicates this feature corresponds
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Table 3. The diagnostic performance of CT findings in

distinguishing heterotopic pancreas from small
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Table S. Independent effect of exposure of interest on
pathological type using the inverse probability weighting

gastrointestinal stromal tumors. method.
CT finding Sensitivity (%) Specificity (%) Cutoff value Exposure OR (95% CI) p value Index
Contour (dumbbell) 0 50 — Border 1.49 (1.12-1.99)  0.006 111 defined
Contour (flat) 333 100 — Surface dimple 0.51(0.43-0.61)  0.000 Not exist
Border 66.7 58.8 — Duct-like structure  0.51 (0.43-0.61)  0.000 Not exist
Enhancement grade 20.8 97.1 — SD 0.68 (0.56-0.83)  0.000 SD
Surface dimple 29.2 100 — Lp 1.04 (1.02-1.06)  0.000 Lp
Duct-like structure 29.2 100 — Sp 4.42(2.02-9.67)  0.000 Sp
SD 58.3 70.6 1.4 ER 0.81 (0.69-0.95)  0.012 ER
Lp 70.8 79.4 4233 CI, confidence interval; ER, enhancement ratio in the venous
Sp 70.8 73.5 0.93 phase; Lp, CT attenuation value of each lesion in the unenhanced
ER 50 76.5 0.97

CT, computed tomography; SD, short diameter; Lp, CT attenuation
value of each lesion in the unenhanced phase; Sp, attenuation of le-
sion/attenuation of abdominal aortas in the unenhanced phase; ER,

enhancement ratio in the venous phase.

Table 4. The diagnostic performance of combined CT
findings in distinguishing heterotopic pancreas from

gastrointestinal stromal tumors.

Combined CT finding Sensitivity (%) Specificity (%)
Lp+Sp+SD 66.7 82.4
Contour+enhancement grade 45.8 97.1

+Sp+SD+ +
Lp+Sp+SD-+contour+enhancement 233 912
grade

CT, computed tomography.

to a dilated duct in HP, also known as the “ectopic duct”
sign [5,8]. The “ectopic duct” sign was frequently observed
in enhanced CT three-dimensional reconstruction in indi-
viduals with HP, as described in Cai’s study [8]. Enhanced
three-dimensional CT reconstruction, which is superior to
unenhanced axial imaging, clearly shows ductal structure
from multiple angles to avoid the volume effect, improving
the degree of diagnostic accuracy of HP.

Several radiologic-pathologic studies indicated that
the grade and pattern of HP enhancement correlate with its
histologic composition [4,5,18-21]. Acini-dominated le-
sions are more homogeneous and show greater enhance-
ment than other lesion types. In this study, both HP and
GIST showed predominantly homogeneous enhancement.
The relative enhancement grade between HP and GIST was
significant, as reported in previous studies [7,8]. However,
Kim et al. [3] found no statistical difference in the relative
enhancement grade between these two tumors. In addition,
this study used semiquantitative parameters to analyze the
differences in unenhanced CT values and enhanced CT val-
ues among heterotopic pancreas and GIST. Lp >42.33 HU,
Sp >0.93, and ER >0.97 were significant semiquantitative
CT features for distinguishing HP from GIST (p < 0.05),
which was consistent with previous CT imaging findings

phase; OR, odds ratio; Sp, ratio of CT attenuation values of le-

sions and values of abdominal aortas in the unenhanced phase.
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Fig. 4. Receiver operating characteristic (ROC) curves of Lp,
Lp/Ap, SD, and ER in distinguishing heterotopic pancreas
(HP) from small gastrointestinal stromal tumor (GIST). Lp,
Lp/Ap, and SD are shown to have better diagnostic performance
than other parameters for differentiating HP from small GIST.

[7,8]. Lp and Sp had a higher sensitivity than ER, indi-
cating CT of an HP mass in the unenhanced phase is more
valuable for differentiating HP from GIST.

Of note, age distribution was significantly different
between the two groups (HP [mean age, 52.63 4 9.04 years;
range, 31-69 years] and GIST [mean age, 58.15 + 9.33
years; range, 37-73 years]; p < 0.05) in this study, align-
ing with previous research by Kim ez al. [3]. This suggests
that age plays a role in the differentiation between the two
tumors.

This study has several limitations. Firstly, because
this was a retrospective single-center analysis, selection and
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hospitalization bias could not be avoided. Secondly, due
to the low prevalence of HP, our study included a small
sample size of individuals with HP. Thirdly, the radiologic-
pathologic correlation was not fully assessed in our study
because a complete pathological specimen was not avail-
able. Despite this, several radiologic-pathologic studies
have indicated a correlation between CT scans and histo-
logical results, as mentioned above [3,7,8]. In addition, all
CT images were assessed by two experienced radiologists
in our study, which is subjective to some degree. As cases
accumulate, the hope is that artificial intelligence technol-
ogy can be utilized for more objective evaluation in the fu-
ture.

Conclusions

Contour, relative enhancement grade, Lp, Sp, and SD
may help to accurately distinguish HP from small GIST.
Using the IP weighting method, ill-defined border, the pres-
ence of surface dimples and ductlike structures, Lp, and Sp
were identified as independent factors. Additionally, the
ductlike structures and surface dimples were observed only
in individuals with HP. These two findings may be reliable
markers for diagnosing HP. Three-dimensional CT recon-
struction may be useful in distinguishing features of HP and
small GIST to avoid unnecessary invasive examination and
therapy in patients with asymptomatic HP.
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