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Abstract. In order to analyze characteristic CT signs in the 
solid pseudopapillary tumor of the pancreas, a retrospective 
analysis was conducted on 49 patients with pseudopapillary 
tumor of the pancreas who where treated in Liaoning Cancer 
Hospital. All of the patients were confirmed by pathology, CT 
signs were analyzed and a pathology contrast was conducted. 
Furthermore, all cases had single lesions; 7  cases in the 
pancreatic head, 23 cases in the pancreatic body, 15 cases in 
the pancreatic body‑tail and 4 cases in the pancreatic tail. The 
boundaries of the lesions were clear and the tumors, which 
may outline the pancreas, were composed of solid and poly-
cystic parts. In addition, calcifications could be observed in 
the lesions and CT results revealed varying degrees of contrast 
enhancement of the solid components in the arterial phase, 
as well as a gradual contrast enhancement in the venous and 
delayed phase. Enhancement of capsule could be observed, 
and the enhancement region was observed in the solid part, no 
enhancement in cystic part.. In conclusion, CT manifestations 
of solid pseudopapillary tumors of the pancreas are specific, 
which is helpful to the diagnosis.

Introduction

Solid pseudopapillary tumor of the pancreas (SPTP) is a rare 
tumor that is benign or low‑grade malignant, with benign or 
malignant potential, and a low incidence rate, accounting for 
0.2‑2.7% of the total pancreatic tumors (1). Since it has no 
characteristic clinical manifestations and a low incidence rate, 
the preoperative diagnosis rate is low. Furthermore, the treat-
ment principle is different from other pancreatic tumors and an 
improvement of the preoperative diagnosis rate is important.

SPTP is known to occur preferentially in young females 
and has a favorable prognosis (2-4). The characteristic imaging 
features of SPTPs include encapsulation, solid and cystic 
components and peripheral calcification (5-7). Furthermore, 
there exists no consensus on a common location of the tumor 
within the pancreas and they usually affect young women at an 
average age of 28 years old with a female:male ratio of 10:1 (8). 
However, sporadic rare cases in males and in the elderly have 
been reported. The tumor has a low‑grade malignant potential 
and tends to have a favorable prognosis following resection, 
even in the presence of metastatic disease of up to 20% of 
cases (8). The overall 5‑year survival exceeds 90%, including 
patients with metastatic disease (9). Males, elderly, histopatho-
logically atypical tumors and incomplete resections have been 
associated with a higher risk of recurrence and mortality (9).

To date, enhanced computed tomography (CT) has become 
a common examination method for pancreatic diseases, and 
understanding the enhanced characteristic CT signs of SPTP 
has important clinical significance. Therefore, the present 
study summarized the CT signs of 49 cases who received 
surgery in Liaoning Cancer Hospital (Shenyang, China) 
between January 2002 and May 2014, and then compared 
these with the pathological examination.

Materials and methods

Clinical data. A total of 49 cases were collected, including 
42  female cases and 7  male cases, between 14‑60  years 
old, and with a median age of 30.4 years. Among the cases, 
18 cases had no obvious symptoms, and 31 cases had clinical 
symptoms; 15 cases had epigastric pain, 9 cases had epigastric 
discomfort, 6 cases had abdominal distension, 2 cases had 
fatigue, 4 cases had jaundice, 4 cases had back discomfort and 
2 cases had fever. A number of cases had a combination of 
the symptoms described above. Among the cases, 4 cases had 
palpable abdominal mass and 2 cases had abdominal tender-
ness, while other cases had no positive abdominal signs.

Methods. In the present study, the primary radiological image 
quality and scanning time of 12 cases met the requirements, 
and the remaining 37 cases received a repeated CT scan. A 
Lightspeed 16‑Slice Spiral CT (GE Healthcare Life Sciences, 
Chalfont, UK) was used with a slice thickness of 5 mm, an 
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interval of 5 mm, thickness of 3 mm and an interval of 3 mm. 
The scanning parameters were 120 kV and 140 mA. All cases 
were examined with a plain and dynamic enhanced scan. The 
patients were fasting for ≥8 h, then firstly received a pancre-
atic plain scan, and then hepatic arterial phase, portal venous 
phase and delayed phase enhanced scanning were conducted. 
The contrast agent used was Omnipaque (300 mg(I)/100 ml), 
and it was injected with an elbow vein high pressure syringe 
at a dose of 90‑100 ml. In addition, the injection rate was 
2‑3 ml/sec, 20‑25 sec in the arterial phase and 60‑70 sec in 
the portal venous phase. A number of cases received a delayed 
scan with a delay time of 120 sec, and lasted for 10 min. The 
patients in this group did not receive a conventional revascu-
larization check.

All the patients were treated with open surgery, including 
duodenum preserving pancreatic head resection in 7 cases, 
distal pancreatectomy splenectomy in 21 cases, simple distal 
pancreatectomy in 11  cases, pancreatic tail resection in 
4 cases, middle pancreatectomy and distal pancreatic enteric 
anastomosis in 2 cases, local tumor resection in 3 cases, and 
local tumor resection and pancreaticojejunostomy in 1 case. 
Among them, 21 cases received lymph node dissection.

Results

Specimen staining. Collected the specimens from the part of 
lesions, and fixed with 10% neutral formalin, embedded with 
paraffin routinely, and sliced. Slices were treated as follows: 
Xylene (I), 5 min; xylene (Ⅱ), 5 min; 100% ethanol, 2 min; 
95% ethanol, 1 min; 80% ethanol, 1 min; 75% ethanol, 1 min; 
and distilled water, 2 min. Hematoxylin staining for 5-20 min, 
then washed with water, and differentiated with ethanol hydro-
chloride 30 sec, then soaked in water for 15 min. The slices 
were placed in the eosin dye for 2 min, washed with water, and 
subjected conventional dehydration, clarified and sealed as 
follows: 95% Ethanol (I), 1 min; 95% ethanol (Ⅱ), 1 min; 100% 
ethanol (I), 1 min; 100% ethanol (Ⅱ), 1 min; xylene phenol 
(3:1), 1 min; xylene (I) 1 min; diphenyl (II), 1 min; and neutral 
resin sealing. Sections were then observed under a microscope.

Lesion characteristics. All cases had single lesions. In total, 
7 cases had lesions at the head of the pancreas, 23 cases had 
lesions at the pancreatic body, 15 cases had lesions at pancre-
atic body-tail, and 4 cases had the lesions at pancreatic tail. 
The maximum diameter of the lesions was 1.5‑15.5 cm with 
an average of 5.8 cm, and the lesions were often highlighted 
from the pancreatic contour and grew to the peritoneal cavity 
or retroperitoneal space. No pancreatic body and tail atrophy, 
in addition to dilation of the pancreatic duct, was observed. 
Furthermore, plain scanning revealed that there was a low 
mixed density, and the majority of the lesions had a clear 
boundary. In total, 4  cases had an unclear boundary and 
no obvious capsule, and 3 cases had an incomplete capsule. 
There were both cystic and solid parts in the lesions, and these 
accounted for different proportions. The main performance 
was cystic in 14 cases, solid in 13 cases, equal component of 
cystic and solid in 18 cases and completely solid in 4 cases. A 
total of 11 cases had the lesion combined with calcification, 
and the calcification lesions were often located at the edge 
and showed a linear arc or multiple punctate calcification. 

Furthermore, calcification in 3 cases was located at the center 
of the lesion, and demonstrated an irregular annular or scat-
tered punctate. Enhanced scanning revealed that the solid part 
of the arterial phase showed mild to moderate enhancement, 
the portal venous phase and delayed phase had a continuous 
enhancement and the tumor enhancement was higher than that 
of the arterial phase. The enhancement degree of the lesion 
was close to or lower than that of normal pancreatic tissue 
and the tumor enhancement was gradually extended from 
the peripheral to the center. In the present study, no distant 
metastasis or lymph node metastasis were observed.

All patients received a lesion resection, and there were no 
lesions invading the surrounding organs, tissue or blood vessels. 
Meanwhile, all cases were pathologically confirmed as SPTP, 
and all the patients had single lesions without distant or lymph 
node metastasis. The boundary of lesions was clear with a thick 
fibrous capsule outside the lesions, and had a clear boundary 
with the pancreas and other surrounding tissue. Furthermore, 
necrosis, hemorrhage and cystic degeneration could be observed 
on the lesion (Fig. 1). Microscopic observation demonstrated 
abundant cytoplasm, red staining, and same size and round or 
oval nuclei tumor cells without a rare nuclear division (Fig. 2). 
Furthermore, tumor cells were solid sheets or papillary arranged 
around the fibrovascular axis (Figs. 2 and 3). Microscope obser-
vation demonstrated a capsular invasion observed in 9 cases.

Patient outcome. All the patients were followed‑up after 
surgery for a period of 1 month to 5 years (median follow‑up, 
37.4 months). A total of 3 cases were lost (the lost time was 
between 6, 25 and 54 months after surgery), and no patients 
had a recurrence or transfer during the follow‑up period.

Discussion

SPTP is a rare type of tumor with a low malignant potential. In 
1959, Frantzs initially described its pathological features and 
named them as Frantzs tumors (10). Due to the shortage of 
characteristic clinical manifestations, the incidence rate is not 
high, and there is a lack of awareness in clinicians. According 
to their morphological characteristics, several descriptive 
names are used in the literature, including pancreas papillary 
epithelial tumors, cystic and solid tumors of the pancreas, solid 
epithelial tumors of the pancreas, papillary cystic tumors and 

Figure 1. Specimen showing necrosis, hemorrhage and cystic degeneration.
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pancreatic cystic papillary epithelial tumors (11). In 1996, the 
World Health Organization renamed the tumor as SPT and 
reclassified it as SPTP (12).

SPTP has a lower age of onset and is more common in 
females than in males (13,14). In the present study, the median 
age of the patients was 30.4 years old, and the ratio of males to 
females was 1:6. Surgery is an effective treatment method and 
patients can often survive for a long time following surgery. 
Due to the biological characteristics of SPTP, distant and 
lymph node metastasis are rare, therefore, expanded tumor 
resection and conventional lymph node dissection should not 
be conducted, otherwise it will increase the surgical complica-
tions and reduce the quality of life following surgery while do 
nothing to improve the survival rates (15,16). In the present 
study, a CT examination demonstrated no distant and lymph 
node metastasis. Lymph node dissection was conducted 
on 21 patients, and postoperative pathological examination 
revealed no lymph node metastasis. Thus, the correct preop-
erative diagnosis of SPTP in particular is necessary. Currently, 
the popularization of multislice spiral CT and the development 
of examination techniques and methods make it possible.

The CT observations and pathological features of SPTP 
are closely correlated. SPTP in cystic and solid tumors, as well 
as the ratio and the components of cystic and solid tumors, 
may affect CT imaging. In the present study, cystic and solid 
parts were identified in the lesions that account for different 
proportions (Figs. 4 and 5). This can be expressed as cystic, 
solid and equal components of cystic and solid parts. In addi-
tion, a number of researchers believe that larger tumors have 
a high probability of cystic degeneration (5,6). Baek et al (6) 
reported that small SPTP (diameter, <3 cm) was primarily 
expressed as a solid. The 4 cases in the present study were 
expressed as completely solid, and the lesion diameter was 
<3 cm, suggesting that there is a certain correlation between 
the tumor size and component ratio of cystic and solid parts. 
Furthermore, the preoperative and postoperative patho-
logical examination demonstrated no tumor invasion to the 
surrounding blood vessels and organs, therefore, inspection 
technology of vascular reconstruction was not necessary for 
SPTPs.

SPTP lesions are often located outside the pancreatic 
contour, and grow to the abdominal and retroperitoneal rela-
tive emptiness. Furthermore, the majority have no pancreatic 
duct expansion since the tumor mostly reveals expansive 
growth and the lesion boundary is clear. In the present study, 
a tumor with a cystic component demonstrated low density, 
and a tumor with solid components revealed an uneven 
density, which may be correlated with tumor hemorrhage and 
necrosis (Fig. 5). Furthermore, the hemorrhage and necrosis 
component could be observed in the solid tumor of the post-
operative section (Fig. 1). Calcification was revealed in part 
lesions and Buetow et al (17) identified that calcification could 
be observed in 30.8% of the tumors. In addition, the calcifi-
cation located in the edge of the lesions was mostly calcified 
capsule, whereas the calcification located on the solid compo-
nents was caused by intralesional fibrous connective tissue 
degeneration. Histopathologically, SPTP is classically defined 
as a large and encapsulated mass composed of a mixture of 
cystic and solid areas. Intratumoral hemorrhage is frequent, 
and calcifications have been reported in ≤30% of cases (7,18). 

Although SPTP is considered to be an indolent lesion with a 
low malignant potential and a favorable prognosis following 
surgical resection, a number of cases of locally infiltrating and 
metastatic varieties and post‑surgical recurrences have been 
reported (19).

In the present study, 11 cases had bleeding calcification, 
and the calcification lesions were located in the edge of each 
lesion. Furthermore, they were expressed as a linear arc or 
multiple punctate calcification, where 3 cases had the calcifica-
tion located in the center of the lesions and revealed irregular 
circular or scattered punctate (Fig. 6).

Due to the expansion growth, a fake capsule can be 
formed around the tumor with an uneven thickness. In the 
present study, due to the rich blood vessels in the capsule, the 
capsule was enhanced following an enhanced CT scan, and the 
boundary was clear (Fig. 5). Capsular invasion and incomplete 
lesion outlines often indicate malignant lesions. In addition, 
the cystic components of the tumor always has no enhance-
ment, and the solid components of the tumor can be enhanced 
early. In the present study, the enhancement was gradual 
and most evident in the portal or delayed phase. However, 
the density was close to or still lower than the pancreatic 

Figure 3. Microscopic observation of solid pseudopapillary tumor of the 
pancreas. The tumor tissues are composed by consistent solid nests tumor 
cells, and the fake papillary structure could be observed (hematoxylin-eosin 
staining, x200).

Figure 2. Microscopic observation of a solid pseudopapillary tumor of the 
pancreas. Tumor tissues are composed by multifocal fake papillary and hard-
ening stroma with stromal mucoid degeneration. (hematoxylin‑eosin staining; 
magnification, x200).
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parenchyma (Figs. 4 and 5). In the current study, the tumor 
specimens of the solids were collected for pathological exami-
nation, and it was revealed that a large number of collagen 
fibers and hyaline degeneration could be observed in the tumor 
stroma (Fig. 2). The existence of such fibrous tissue may be the 
pathological basis of a delayed enhancement. Due to the slow 
diffusion of the contrast agent between fibrous stroma tissue 
and blood vessel (namely the slow process of the contrast 
agent going through the blood vessels into the fibrous tissue 
stroma), and it was removed slowly from fibrous tissue stroma 
to blood vessels, and this may lead to a delayed enhancement 
phenomenon. Parenchymal necrosis and cystic area was not 
the strengthen area.

CT manifestations of SPTP have a number of char-
acteristics. These can be described as follows: i) Lesions 
are predominantly solid and cystic, and cystic and solid 

components account for different proportions; ii)  lesions 
can be located in any part of the pancreas, often protruding 
beyond the contour; iii) lesions mostly have clear boundaries 
with a round, oval and lobulated enhanced capsule observed 
following CT enhancement; iv) due to the internal hemorrhage 
and necrosis of the solid part, a plain CT scan shows an uneven 
density, and the enhancement area can not be observed after an 
enhanced CT scan; v) following the enhancement of the solid 
part, different degrees of enhancement can be observed in the 
arterial phase, which then gradually strengthen to a significant 
extent, and the strengthening in the portal and delayed phases 
is even more evident with most parts being lower than the 
density of the pancreas, and parts close to the normal density 
of the pancreas; vi) calcification can be observed in the lesion, 
and the majority of the calcification is located in the edge of 
the lesion with a small part located in the solid parts of the 

Figure 5. Computed tomograph image of solid pseudopapillary tumor of the pancreas. (A) Scan image showed the boundary is clear, the solid component is 
the primary component and parts of the lesions are located outside the pancreatic outline. (B) Arterial performance, the enhancement in the arterial phase was 
uneven, and the density was lower than the pancreas. (C) Portal phase scanning showed the enhancement is significant. (D) Extended scanning showed that 
lesions were further enhanced, and the density was close to the normal pancreas, unenhanced area could be observed in the solid areas.

  A   B

  C   D

Figure 4. Computed tomography image of solid pseudopapillary tumor of the pancreas of a 31-year old female patient. (A) Tumor tissues were found to be 
composed by consistent solid‑nest tumor cells, and (B and C) the fake papillary structure could be observed.

  A   B   C
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lesion; and vii) no pancreatic duct dilatation and distal pancre-
atic atrophy is observed. 

In conclusion, the onset age of pancreatic cancer is 
higher and more common in male patients compared with 
females. Furthermore, invasive growth is often expressed as 
a solid mass with an unclear boundary. An uneven density is 
observed, and the majority are located in the outline of the 
pancreas. In addition, pancreatic cancer is often accompanied 
by pancreatic duct dilation and distal pancreatic atrophy with 
calcification being rare, and the surrounding invasion leading 
to peripancreatic fat gap disappearance. Moreover, liver and 
lymph node metastasis can be observed.

Pancreas adenomas are common in older females compared 
with younger ones. Cystic components are the primary compo-
nents, and are often expressed as multilocular cystic structures, 
where calcification can be observed in the capsule fibrous 
septa, and radial calcification is the feature. Furthermore, 
there is an uneven wall thickness, and an enhanced CT scan 
demonstrates no delayed enhancement features. In addition, 
pancreatic duct dilatation can be observed.

The majority of pancreatic endocrine tumors are expressed 
as a solid mass, round or oval with a clear boundary, and the 
majority are located in the pancreatic outline. However, there 
may also be necrosis and cystic degeneration observed, and 
clinical manifestations of endocrine changes may also be 
identified.

Finally, the majority of patients with pancreatic pseudocyst 
have a history of pancreatitis without lobulated change, the 
capsule wall is thin and uniform, the separating is rare, and 
early enhancement can be observed after an enhanced CT 
scan.
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