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Abstract: Objective: The imaging characteristics of solid pseudopapillary tumor of pancreas (SPTP) by color ultra-
sound, CT, MRI and endoscopic ultrasonography (EUS) were analyzed and compared with pathological results to
explore methods of early diagnosis of SPTP. Methods: The color ultrasound, CT, MRI and EUS of SPTP of 30 SPTP
cases confirmed by surgery and pathology were retrospectively analyzed to determine the location, size, shape,
density, signal, and enhancement pattern of the tumor. The patients underwent EUS puncture biopsy before the
operation. The specimen after surgical resection were examined by pathology and compared with the pathology.
Results: The SPTP ultrasound of patients showed hypoechoic solid masses. CT findings mainly manifested as mixed
density of cystic and solid shadows, with some solid structures showed papillary or wall nodular protrusions, and
strengthened after enhancement. MRI showed heterogeneous mixed signals on TAWI and T2WI. The specific signs
such as necrotic cystic degeneration and hemorrhage inside the tumor can be identified, and the solid parts of the
tumor were enhanced progressively. The patients’ EUS examination mainly showed hypoechoic solid masses with
uneven internal echo. The pathological diagnosis was confirmed by EUS biopsy before surgery, which was consistent
with the postoperative pathological results. Conclusion: Solid pseudopapillary tumor of the pancreas has certain
imaging characteristics, with its pathological diagnosis can be confirmed by EUS biopsy postoperatively.

Keywords: Solid pseudopapillary tumor of pancreas, computed tomography, X-ray, magnetic resonance imaging

(MRI)

Introduction

Solid pseudopapillary tumor of pancreas (SPTP)
is a rare benign or low-grade pancreatic tumor
which usually occurs in young women and may
have the possibility of deterioration [1, 2]. Sin-
ce SPTP has good prognosis after local surgical
excision, its preoperative diagnosis is of great
value in choosing surgical methods and evalu-
ating the prognosis of patients [3]. Although
the incidence rate of SPTP accounts for only
0.17%~3% of primary pancreatic tumors, its
misdiagnosis rate can reach as high as 90%.
Therefore, it is of great significance to summa-
rize the preoperative imaging features of SPTP
for guiding the clinical diagnosis [4]. The preop-
erative diagnosis of SPTP has contributed to
the determination of surgical plan and the
improvement of prognosis. At present, the diag-
nosis of SPTP is mainly based on the results

of histopathology and immunohistochemistry.
However, there is still a lack of clinical observa-
tion and research on relationship between pre-
operative imaging and clinicopathological fea-
tures. This study retrospectively analyzed the
imaging findings of 30 SPTP cases confirmed by
surgery and pathology, and analyzed the char-
acteristics of color ultrasound, CT, MRl and EUS
and pathological basis, aiming to improve the
diagnosis of the disease.

Data and methods
Clinical data

A total of 30 SPTP cases confirmed by surgery
and pathology in our hospital between January
2004 and December 2018 were retrospective-
ly analyzed. The study was approved by the
Ethics Committee of our hospital.
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Inclusive criteria and exclusive criteria

Inclusive criteria: The SPTP patients were con-
firmed by surgery and pathology. Patients with
complete imaging examination data preopera-
tively. Patients completed at least one imaging
examination. Patients voluntarily signed in-
formed consent.

Exclusive criteria: Patients with incomplete clin-
ical data; patients with other pancreatic tumor
confirmed by postoperative pathology.

Research methods

The clinical data of the patients, including gen-
der, age, preoperative imaging data, surgical
methods, postoperative pathological examina-
tion results and follow-up, were collected by
reading the cases and reviewing the relevant
examination results, and the features of preop-
erative imaging diagnosis were summarized.

Examination methods

Abdominal ultrasonography: GE LOGIQ E9 color
Doppler with 2-5 MHz broadband probe was
adopted; the abdominal condition was settled,
and the color gain was adjusted right before the
noise appears. The size, shape, capsule, inter-
nal echo and blood flow distribution of pancre-
as were observed by 2D ultrasound to record
the symptoms such as location, size, shape,
boundary and internal echo of pancreatic mass.

Enhanced CT examination: All patients under-
went CT scan and enhanced CT scan by light-
speed VCT 64-layer spiral CT scanner. The
scanning ranged from the top of the diaph-
ragm to below the uncinate process of pancre-
as. Scanning Parameters: 120 kV; 250-280
mA; both layer thickness and layer spacing
were 5 mm; The contrast agent for enhanced
scanning was Omnipaque; The contrast rate
was 3.0-4.0 mil/s and 1.5 ml/kg, the arterial
phase was 25 s, the portal vein phase was
60-70 s, and the phase delay was 120-160 s.

Enhanced MRI examination: GE Signa Excite
3.0 T was adopted for MRI scans. SPGR se-
quence, conventional T1WI, T2WI and DWI,
TAIWI and T2WI were added with SPIR. The
thickness and spacing of layers were 5 mm
and 2 mm respectively, and the matrix was
400%x400; the dynamic enhanced scanning
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was performed by sequence of LAVA with thi-
ckness and spacing of layers at 3 mm and
1.5 mm respectively. The contrast agent for
enhanced MRI scan was Magnevist (Gado-
pentate Meglumine Injection), with the dose of
0.1 ml/kg and rate of 2 ml/s. The first scan was
performed 15 s after the injection via cubital
vein. The scan was repeated 3 to 4 times, and
the delayed scan was carried out 180 s later.
The CT values of tumor regions of interest
(0.5%0.5 cm) in plain scan, arterial phase and
parenchymal phase were measured with verni-
er caliper. The area of liquefaction, cystoid vari-
ation, necrosis and calcification should be
avoided for selection of ROI.

EUS-guided needle biopsy

Twelve patients underwent needle biopsy guid-
ed by Olympus GF-UCT240-type EUS. The punc-
ture needle used was Echo Tip Ultra 19 G pro-
duced by COOK Corporation. The puncture
specimens were subsequently examined by
smear cytology and section histology.

Surgical approaches

The surgical methods should be determined on
a basis of the location of the tumor and its inva-
sion range. The surgical approaches included
single tumor resection, distal pancreatectomy
with/without splenectomy, and pancreatico-
duodenectomy.

Pathological examination

The histopathological examination and immu-
nohistochemical staining of vimentin, CK, NSE,
CK8/18, CD10, CGA and syn were performed
on the surgically removed specimens.

The observation of indexes

The imaging and pathological features of the
patients were recorded. The comparative anal-
ysis were conducted between the CT values of
arterial, parenchymal tumor tissues and nor-
mal pancreatic tissues, as well as the differ-
ence of CT values in patients with different
CD10 expression.

Statistical analysis

The data results of the study were recorded
into the statistical software SPSS 22.0. The
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Figure 1. The ultrasound of pancreatic head SPTP
patient shows hypoechoic mass of pancreatic head.

measurement data conforming to normal dis-
tribution were expressed as (X = s) and com-
pared by paired t-test. The counting data were
expressed by percentage, and the comparison
was analyzed by x? test. Statistical meaning
was accepted by P < 0.05. Graphpad prism 8
and Photoshop 2018 software were used for
drawing.

Results
Clinical data

The observation subjects included 22 females
and 8 males aged 34-67 years old, with an
average age of (48.37 £ 9.02) years. 18 cases
had an abdominal mass accidentally found dur-
ing physical examination, 12 cases showed epi-
gastric pain, and 3 cases were accompanied by
jaundice.

Features of abdominal ultrasound

The size of the pancreatic masses was about
1.5-9.3 cm, which were all single tumors. The
tumor type of patients were all single tumors,
the masses of 15 patients were located at the
body of the pancreas, 12 cases at the tail of
the pancreas, and the remaining 3 at the head
of the pancreas. Besides, 22 cases had intact
capsule, and 8 cases showed infiltrative grow-
th. The masses were founded on the edge of
pancreas, with most of which located outside
the pancreas. Therefore, although the masses
were large, there were only 3 cases of masses
located at the head of the pancreas that com-
press the common bile duct and cause obstruc-
tive jaundice. Ultrasonography of 24 patients
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showed hypoechoic solid cystic masses with
insufficient internal blood flow (see Figure 1).

The CT finds of SPTP patients presented solid
or cystic solid masses. Among which, 15 cases
were solid component, 12 cases were cystic
component and the remaining 3 cases showed
a similar ratio of cystic to solid masses. The
outline of the masses was relatively regular,
mainly round or elliptical, partly irregular and
shallowly lobulated. The density of plain scan
was generally lower than that of normal pan-
creas, and the enhanced scan of the solid
parts of the lesion showed uneven mild en-
hancement in the arterial phase. The enhance-
ment in the portal phase and the delayed pha-
se was higher than that in the arterial phase,
showing progressive enhancement; but it was
lower than which in the normal pancreas, with
no enhancement of cystic part.

Among the 30 masses in experiment, 15 were
mainly solid components. The plain scan
showed that the density of the tumor was
uneven, and mostly which were slightly lower
than that of the pancreas, and the cystic parts
were mainly distributed around the lesion; 12
cases were mostly cystic components with so-
lid components distributed around the tumor,
showing papillary or wall nodular protuberance.
After the enhanced scanning, it was found pap-
illary or wall nodular shape, the solid enhanced
part was set off by the unnd the plain scanning
density was uneven. The enhancement showed
enhanced cystic component, showing a “cloudy
feature”; there were 3 cases with a similar ratio
of cystic and solid components. The cystic and
solid parts distributed irregularly at the alter-
nating distribution of reinforced and unrein-
forced area (Figure 2). CT scan showed a cystic
solid mass in the body of the pancreas with
obvious calcification, which was “eggshell like”
(Figure 2A). The enhanceed scan showed that
the solid part was enhanced while the cystic
part was not enhanced (Figure 2B).

After enhancement, the arterial phase CT value
of the solid part was (45.29 + 8.39) Hu, and
was (50.27 + 7.28) Hu in parenchymal phase,
while the enhanced arterial phase CT value of
normal pancreatic tissue was (73.46 + 12.19)
Hu, and was (74.21 + 13.29) Hu in parenchy-
mal phase. The CT value of enhanced paren-
chymal phase was significantly higher than that
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Figure 2. CT scan of SPTP in the body of the pancreas. A. CT scan showed
a cystic solid mass in the body of the pancreas with obvious calcification,
which was “eggshell like”. B. The enhanced scan showed that the solid part
was enhanced while the cystic part was not enhanced.
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Figure 3. Comparison of enhanced scan CT values
between tumor tissue and normal pancreatic tissue.
(Note: Comparison with normal pancreatic tissue,
*P < 0.05; comparison with the arterial phase, P <
0.05).

of the arterial phase (t=2.456, P=0.017), with
the enhancement curve showed a gradual as-
cending pattern; In addition, the CT values of
tumor in both the arterial stage and paren-
chymal stage were significantly lower than
those of normal pancreatic tissue (t=10.426,
P=0.000; t=8.653, P=0.000) (Figure 3).

Features of MRI

The MRI examination of 30 cases showed that
the cystic and solid components were mixed in
the lesion. The solid part of TIWI showed an
iso-low signal, T2WI showed an iso-high signal,
the cystic part TAWI showed a low signal, T2WI
showed a high signal. The solid part of the DWI
tumor showed limited diffusion and high sig-
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nal, while the cystic part with
non-restricted diffusion show-
ed low signal. The enhanced
scanning MR was consistent
with that of CT. The tumor and
capsule were clearly displayed
on MRI. Both plain scan T1WI
and T2WI showed iso-low sig-
nal, and the enhanced scan
showed progressive enhance-
ment of the capsule and cyst
wall (Figure 4). TAWI showed
a low-signal mass on the pan-
creatic head (Figure 4A). The
enhanced coronal tumor pre-
sented a cystic and solid stru-
cture with cystic in the center
and solid in the periphery
(Figure 4B). Enhanced axial scan showed that
the tumor was cystic and solid with obvious
enhancement (Figure 4C).

The patients’ EUS showed hypoechoic solid-
cystic lesions in the pancreas areas, with in
adequate internal blood flow signals. 12 of the
30 patients underwent EUS-guided needle
biopsy, which showed different degree of hard-
ness of the lesions during puncture. Among
which, 6 cases of lesions were hard in texture
and the puncture needle was not easy to pen-
etrate the tumor tissue; 4 cases were soft in
texture and blood-like tissue was drawn out; 2
cases were of medium texture and strip-shap-
ed tissue was extracted (Figure 5). Annular
scan EUS showed the lesion as a cystic mass
(Figure 5A). EUS puncture biopsy: The blood
flow signal in the mass was not rich, and the
mass was soft during puncture (Figure 5B). A
tissue smear examination of similar blood sh-
owed a bloody background, with fine fiber vas-
cular bundles and papillary structures, the sur-
rounding coated cells were relatively consis-
tent cells without obvious atypia (Figure 5C).

Surgical treatment

Blood vessels were visible on the surface of
the tumor during the surgery. Among which, 22
cases were clear and 8 cases adhered to sur-
rounding tissues. In addition, 15 cases under-
went complete resection of tumor tissue, 12
cases underwent resection of tumor, partial
pancreas and spleen, and 3 cases underwent
pancreaticoduodenectomy.
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ment.

Pathological features

In this group of cases, the tumors had capsules
or pseudo-capsules by gross observation. Of
which, 22 cases had complete and hard cap-
sules without invasion of pancreatic capsule.
8 cases had unclear boundaries between tu-
mors and surrounding tissues. All specimens
showed that the solid and cystic parts were
mixed in different ratios, of which 13 were pri-
marily solid components, 12 cases were cystic
components, and 5 cases were composed of
both cystic and solid components. Microscopi-
cally, the tumor cells were in small size and
consistent in shape, and the heteromorphosis
was not obvious. The tumor cells were round
or elliptic, and the typical pseudopapillary
structure was often formed around the axis
of fibrous vessels. Immunohistochemistry has
certain value in the diagnosis of SPTP, but
there is no specific diagnostic index at the
moment. Vimentin was the most common posi-
tive marker in tumor cells. All 30 patients
showed positive vimentin with positive CD10
in 22 patients, and the expression of other
markers CK, NSE, CK8/18, CgA, and Syn were
different (Figure 6). The tumor capsule was
complete, with cystic solid tissue in it (Figure
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Figure 4. MRI scan of SPTP in pan-
creatic head. A. TAWI showed a low-
signal mass on the pancreatic head.
B. The enhanced coronal tumor pre-
sented a cystic and solid structure
with cystic in the center and solid 7).
in the periphery. C. Enhanced axial
scan showed that the tumor was cys-
tic and solid with obvious enhance-

6A). Conventional HE staining,
cystic mass of the pancreas
with fibrous cyst wall and ex-
tensive necrosis of the con-
tents in the cyst, and part of
the necrotic area was papill-
ary (Figure 6B). Immunohisto-
chemically positive Vimentin
(Figure 6C). Immunohistoche-
mically positive CD10 (Figure
6D).

Compared the arterial phase
CT values of SPTP for patients
with different CD10 expres-
sion, the arterial phase CT val-
ues of patients with positive
CD10 expression were signifi-
cantly lower than those of
patients with negative CD10
expression (P < 0.05) (Figure

Follow-up results

The 30 patients were follow-

ed up for 5 to 20 months af-
ter surgery. Among them, 3 patients with pan-
creatic head lesions died of liver metastasis,
and the remaining 27 patients were in good
condition without recurrence or metastasis.

Discussion

Solid pseudopapillary tumor of pancreas (SPTP)
is a rare and low-grade pancreatic tumor, which
mostly occurs in adolescent or young women.
22 subjects enrolled in total 30 patients fe-
male (73.3%). Since the onset of the disease is
closely related to gender and age, the charac-
teristics should be focused on during diagno-
sis. Many patients were told of pancreatic tu-
mor after physical examination, which caused
extreme panic of them. The previous diagnosis
of the disease relied on imaging examination
(color ultrasound, CT and MRI) [5-8]. With the
application of EUS-guided puncture technology
in recent years, it can be performed on pan-
creatic space-occupying lesions to clarify the
pathological diagnosis and provide theoretical
basis for the selection of surgical treatment [9].

SPTP can occur in any part of the pancreas,
and often has a complete or a pseudo cap-
sule [10]. It is likely that the tumor may be
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Figure 6. Surgically excised pathological specimens observed by naked eyes
and microscope. A. The tumor capsule was complete, with cystic solid tissue
in it. B. Conventional HE staining, cystic mass of the pancreas with fibrous
cyst wall and extensive necrosis of the contents in the cyst, and part of the
necrotic area was papillary. C. Immunohistochemically positive vimentin. D.

Immunohistochemically positive CD10.
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Figure 5. Biopsies and pathology of SPTP endoscop-
ic microscopy in the body of pancreas. A. Annular
scan EUS showed the lesion as a cystic mass. B.
EUS puncture biopsy: The blood flow signal in the
mass was not rich, and the mass was soft during
puncture. C. A tissue smear examination of similar
blood showed a bloody background, with fine fiber
vascular bundles and papillary structures, the sur-
rounding coated cells were relatively consistent
cells without obvious atypia.

DUA: L00%

malignant when it is in irregu-
lar shape or invades adjacent
tissues. In this study, there
were 3 cases of lesions locat-
ed in the pancreatic head th-
at compressed the common
bile duct to cause obstructive
jaundice, which resulted in
liver metastasis. Besides, am-
ong the total 30 cases, the
masses were primarily solid in
13 cases, cystic in 12 cases,
and similar in cystic and solid
components in 5 cases. SPTP
has certain similar character-
istics in imaging performance
as previously reported. Its ul-
trasound manifestations are
cystic-solid masses with low
echo and insufficient internal
blood flow.

The different tumor compo-
nents impose different char-
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Figure 7. Comparison of tumor CT values of patients
with different expressions of CD10. (Note: Compari-
son with Positive Expression of CD10, *P < 0.05).

acteristics on enhanced CT. In this study, there
were 13 cases solid tumors with cystic located
at the edge of the tumor. The enhancement
showed that progressive enhancement in the
solid part, while the cystic part was not en-
hanced; there were 12 cases with cystic com-
ponents, which distributed around the tumor.
The author found that in this group of cases,
for solid tumors, the cystic components were
distributed around the lesion; while for cys-
tic tumors, the solid parts were distributed
around the lesion. Therefore, it was consider-
ed that it is due to the squeezing of surround-
ing tissues when solid components were domi-
nant or when there were more cyclic compo-
nents. Besides, there were 5 cases with a
similar ratio of cystic and solid components.
The solid and cystic parts did not have certain
distribution characteristics and were mostly
distributed irregularly.

In this study, 30 patients underwent MRI exa-
mination during the same period. The authors
found that MRI was superior to CT in the diag-
nosis of hemorrhage, cystic components and
capsule integrity. Among which, there were 12
cases that showed bleeding signals. The gross
specimens suggested focal hemorrhage, but
was difficult to be distinguished with CT. Due
to the high resolution of soft tissue, MRI was
superior to CT in the clarity and integrity of cap-
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sule and cystic wall, with the enhanced scan
showed progressive enhancement. Meanwhile,
by combining with literature reports, the au-
thors speculated that progressive enhance-
ment might be one of the characteristic mani-
festations of SPTP diagnosis. It was reported
in the literature that 1/3 of SPTP cases have
calcifications, which mostly occur at the edge
of the tumor and are mostly spot-like and line-
like calcifications [11]. There were 2 cases of
calcification in this study, with the calcification
rate of 40%. In accordance with the literature
reports, the calcification pattern was mostly
spot calcification, among which 1 case showed
solid partial calcification of the tumor, show-
ing “eggshell-like” calcification. Studies have
shown that the obvious calcification of the
solid components is an important feature that
distinguishes SPTP from other cystic tumors of
the pancreas, and CT is superior to MRI in the
diagnosis of calcification [12].

The gross specimen of SPTP is usually round
or quasi-circular masses with large volume. It
has intact and thick capsule, and the sections
have varying degrees of bleeding, necrosis and
cystic degeneration. According to pathological
findings, SPTP is composed of solid area, pseu-
dopapillary area and the mixed components of
the two. Therefore, it is now termed as solid
papilloma [13-15]. One of the pathological fea-
tures of SPTP is that the tumor cells are small,
surrounded the axis of the fibrous vessels in
nests or lumps shapes to form a characteristic
pseudopapillary structure. While the tumor
cells that far away from the blood vessels de-
generate, undergo necrosis and liquefaction,
and then forming the cystic components of
masses. The fibrous tissue with necrotic de-
generation may have focal calcification, and
hemorrhage is easily to occur due to its thin
blood vessel wall inside the tumor, which is
another characteristic of SPTP [16, 171].

CD10 protein expression has been found in a
variety of tumors, which is related to the de-
gree of tumor malignancy and the prognosis of
patients [18-20]. In this study, the CT value of
patients with different CD10 expressions was
compared. CT value of patients with positive
CD10 expression was significantly lower than
that of patients with negative CD10 expres-
sion, suggesting that the expression of CD10
might be related to the solid/cystic compon-
ent distribution of the tumor. However, it still
needs to be further studied and analyzed.
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Due to the low incidence rate of the disease
and the limited number of patients included,
adequate sample research data were failed to
be enrolled in this study for analyzing the
results. Therefore, in further research, it is nec-
essary to expand the sample size for more in-
depth statistical analysis. CT and MRI perfor-
mance of SPTP has certain characteristics.
When a cystic solid tumor with a clear inner
boundary of the pancreas is found in young
female, the explicit diagnosis can be basically
made based on its typical enhancement mode
and characteristic changes such as intratu-
moral hemorrhage, capsule, and calcification.
For cases where a definite diagnosis cannot
be made, EUS-guided puncture biopsy can be
employed to clarify the pathological nature be-
fore surgery, which is of great significance for
the selection of surgical approaches as well as
the evaluation of prognosis.
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