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Pancreatoblastoma is the most common type
of malignant pancreatic tumor in children
under 10 years old, accounting for 25% of
pancreatic tumors." The imaging findings
of pancreatoblastoma are non-specific, and
most of tumors are lobulated masses with
well-circumscribed or partially circumscribed
margins, accompanied by necrosis and
enhancing septations on contrast-enhanced
CT.? When a large tumor originates in the
pancreas, pancreatoblastoma is one of the
top differential diagnoses in children because
of its relative frequency in this age group.’
However, owing to the usual tumor’s large
size at diagnosis, a tumor originating from the
pancreas may be misdiagnosed with a tumor
originating from a peripancreatic organ, such
as neuroblastoma, lymphoma, or hepatoblas-
toma. The differential diagnosis in these
tumors is more challenging, and the poten-
tial for misdiagnosis still exists. Therefore, it
is important to delineate the origin of tumor
clearly on CT. The present study analyzed the
imaging CT findings of pancreatoblastoma
retrospectively.

The inclusion criteria were as follows: (1)
patients diagnosed as pancreatoblastoma
by pathology; (2) complete CT informa-
tion including that from non-contrast and
contrast CT. The exclusion criteria were as
follows: patients with no complete CT infor-
mation or pathological diagnosis. In this
study, four patients with pancreatoblastoma
who underwent tumor biopsy and three
patients who had tumor resection from
January 2014 to March 2020 were analyzed
retrospectively. The diagnosis of pancreato-
blastoma was based on the analyzed exam-
ination, which revealed that the acinar
and trabecular areas were associated with
the nests of squamous epithelium (squa-
moid nests), and the immunohistochemical
staining which showed CK (+) and AAT (+).
A second review of the specimens for the
scope of the study was done by a gastrointes-
tinal pathologist with 12 years of experience
in gastrointestinal pathology.

All CT examinations were performed on
a 64-slice CT scanner (Optima CT660; GE
Healthcare). The scan parameters were as
follows: 80-100 kVp, 40-70 mA current,
5mm thickness, and 1.375 pitch. The
contrast medium Iohexol (Hengrui Medi-
cine, Jiangsu, China) was injected by a high-
pressure syringe at a dose of 1.5-2mL/kg and
a rate of 1-2mL/s through the cubital vein.
The 3D volume-rendered or maximum inten-
sity projection reconstruction method was
used to display the tumor’s feeding arteries
and peritumoral blood vessels.

CT images were analysed independently
by two radiologists who had 5 and 17 years of
experience in pediatric abdominal CT. These
radiologists were aware of the diagnosis of
pancreatoblastoma but were blinded to the
surgical and pathologic details. If there was
any doubt or dispute, a third senior radiol-
ogist with 20 years of experience in pedi-
atric abdominal CT was consulted to reach
an agreement. The following features were
analyzed: tumor origin (head, body or tail),
tumor size (largest axial diameter), tumor
shape (oval or round, lobulated, irregular),
tumor margin (clear or indistinct), tumor
encapsulation (complete, incomplete, and
no visible encapsulation), tumorous cystic
solidity (mainly cystic, mixture of cystic and
solid, and mainly solid), calcification (present
or absent), intratumoral vessels (present
or absent), invasion of adjacent structures
(present or absent), tumor-feeding arteries,
and the spatial relationship between the
tumor and surrounding organs and blood
vessels.

Based on the proportion of the cystic
component, the tumor was categorized into
mainly cystic (cystic component of >70%),
mainly solid and cystic (cystic component of
30%-70%), or mainly solid (cystic compo-
nent of <30%). Vascular invasion was defined
as vessel occlusion, stenosis, or contour defor-
mity associated with tumor involvement. A
feeding artery was defined as a hypertrophied
artery that ran in accordance with the shape
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Figure 1

Pancreatoblastoma of the pancreas body and tail. (A) Axial contrast-enhanced image shows the dilatation

g i

of tumor

blood vessels (red arrows) around the cystic area, and outward displacement of the second segment of the duodenum (green
arrows). (B) Transverse contrast-enhanced maximum intensity projection image shows that the common hepatic artery (green
arrow) is pushed backwardly and outwardly, and the splenic artery (red arrow) is pushed backwardly. (C) Pathology illustration
(original magnification, x50; H&E stain) shows a small number of tumor cells located (arrowheads) around the expanded tumor
blood vessels (arrows), and large hemorrhagic necrosis (asterisks) around the tumor cells.

of the tumor with its main trunk or branches extending
into the tumor body and distributed in a mesh or radial
pattern. Data were presented as mean+SD. Kappa anal-
ysis was used to assess interobserver reliability. P<0.05 was
defined as statistically significant. All statistical analyses
were conducted using SPSS V.17.

A total of seven children (mean age was 51+23 months)
were included in this study. The clinical, laboratory and
CT findings are listed in table 1. In our series, palpable
abdominal mass (five of seven) was the most common
presenting symptom, and the serum alpha-fetoprotein
(AFP) values were increased in five patients, with a

B A ) b
Figure 2 Pancreatoblastoma of the pancreas head. (A)
Axial contrast-enhanced image shows the tumor-invaded
inferior vena cava (red arrow), with the superior mesenteric
vein (green arrow) and artery (blue arrow) pushed inwardly
and forwardly, while the distance between the two increases.
(B) Oblique coronal maximum intensity projection image
shows the two feeding arteries (red and blue arrows)
from the superior mesenteric artery (green arrow) and the
gastroduodenal artery (yellow arrow), respectively. (C)
Coronary reconstruction image shows that the mass pushes
the second segment (red arrows) of the gas-containing
duodenum outwardly to form an arc.

mean value of 183.9+161.3ng/mL. The resectability
depends on the tumor location in the pancreas and the
presence of metastasis. Four of our patients with unre-
sectable tumor (cases 1, 2, 4 and 5) underwent tumor
biopsy and received preoperative chemotherapy that
allowed following surgical removal, and three patients
had primary surgical resection. Types of surgery included
the pancreaticoduodenectomy (cases 2 and 7), splenic-
preserving distal pancreatectomy (cases 4 and 5), distal
pancreatectomy with elective splenectomy (case 1) and
central pancreatectomy with Roux-en-Y end-to-end
pancreatojejunostomy (cases 3 and 6). Invasion of adja-
cent tissues and organs was detected in four cases during
surgery, including the spleen (n=1), duodenum and
colon (n=1), and vessels (n=3). All patients received post-
operative chemotherapy. At the time of the analysis, five
patients remained alive, having survived for 22, 53, 80,
105 and 124 months, one of which (case 2) relapsed after
15 months of surgery and received the second surgery.

Figure 3 Pancreatoblastoma of the pancreas tail. (A)

Axial contrast-enhanced image shows the mass invades

the anterior part of the spleen (red arrow) and protrudes
toward retroperitoneum (green arrows), with the pancreas
(blue arrow) pushed forward. (B) Coronal contrast-enhanced
maximum intensity projection image shows the tumor-
feeding artery (red arrows) originating from the splenic artery
(green arrow), and the punctate and curvilinear calcifications
inside the tumor (blue arrows).
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Two patients were lost to follow-up at 120 and 134 months
after surgery.

In this study, all seven tumors showed exogenous
growth, encapsulation, heterogeneous appearance, and
calcifications on imaging. Tortuous feeding arteries in/
around the tumors were seen after contrast enhance-
ment, and cystic dilated tumor vessels were observed in
three cases with mainly cystic tumors. The tumor-feeding
arteries included the superior mesenteric artery, the
gastroduodenal artery, the splenic artery, and the left
and right gastric arteries. Four tumors directly invaded
the surrounding tissues and organs. Vascular invasion was
found in three cases, vascular encasement in two cases,
and spleen invasion in one case.

All tumors pushed the peritumoral blood vessels and/
or the second segment of the duodenum in different
directions. The pancreatic head tumors pushed the supe-
rior mesenteric artery and vein inwardly while increasing
the distance between them, with the second segment of
the duodenum pushed outwardly in an arc shape. The
pancreatic body and tail tumors were accompanied by
posterior displacement of the splenic artery, posterior
and outward displacement of the mesenteric artery and
vein, and the outward movement of the second segment
of the duodenum to form an arc shape. The pancreatic
tail tumor pushed the splenic artery upward and posteri-
orly, and there was only mild posterior displacement of
the superior mesenteric vein in cases 3 and 6 with tumors
in the pancreatic body. The representative images are
presented in figures 1-3.

Kappa analysis was used to evaluate interobserver
reliability. For all qualitative features (origin, shape,
margin, encapsulation, tumorous cystic solidity calci-
fication, intratumoral vessels, invasion of adjacent
structures, tumor-feeding arteries and spatial rela-
tionship between the tumor and surrounding organs
and blood vessels), k values were all good (k=0.76-
1.0, p<0.001).

Pancreatoblastoma is a slow-growing tumor and
the clinical presentation can be non-specific. When
physical examination shows an asymptomatic mass in
the upper abdomen accompanied by elevated AFP,
pancreatoblastoma should be considered.* Our study
reveals that palpable mass accompanied by elevated
AFP was present in 57.1% cases.

The diagnosis of pancreatoblastoma could be estab-
lished with CT and MRI, which could clearly demon-
strate the size, shape, and characteristic of the lesion.
Pancreatoblastoma is often manifested as a lobulated,
heterogeneous mass at CT and low-to-intermediate
signal intensity on Tl-weighted images and high
signal intensity on T2-weighted images at MRI.”
Our findings in this study confirmed and extended
previous observations.

The density of pancreatoblastoma is heteroge-
neous.” In our study, most tumors showed mainly
cystic or both solid and cystic appearance on CT. Our
pathology confirmed that such cystic changes on CT

reflected the bleeding, necrosis, and cystic degener-
ation inside the tumor. We found three tumors with
mainly cystic appearance displayed the cystic expan-
sion of the tumor vessels following contrast enhance-
ment. We speculated that the vessel dilatation may
be caused by tumor desmoplasia or post-necrotic
fibrosis leading to vessel retraction because we found
pathologically that these dilated blood vessels always
appeared around the cystic compartments secondary
to hemorrhagic necrosis of tumor cells, whereas non-
dilated blood vessels were around the tumor cells that
appeared intact.

Horie et al subdivided pancreatoblastoma into two
categories on the basis of anatomic origin: right-
sided tumors (head of the pancreas) arising from the
pancreatic ventral anlage and left-sided tumors (body
and tail of the pancreas) arising from the pancre-
atic dorsal anlage.” Many investigators have reported
that right-sided tumors are usually well encapsulated,
non-calcified, and generally have a good prognosis,
whereas left-sided tumors lack encapsulation, exhibit
calcification, and generally have a relatively poor prog-
nosis.”® In the present study, one of the two cases with
right-sided tumors showed incomplete encapsulation
with involvement of the peripheral blood vessels. In
contrast, in the five patients with left-sided tumors,
three showed incomplete encapsulation with involve-
ment of adjacent structures. These results indicated
that left-sided tumors are more aggressive than right-
sided tumors which may explain the poor prognosis
of patients with left-sided tumors. However, all of the
patients in our study had an excellent prognosis and a
high 5-year survival rate regardless of tumor anatomic
origin.

We attempted to ascertain the origin of the tumor
by observing the displacement of the surrounding
blood vessels and organs. Our research indicated that
tumor location in the pancreas should be considered
when the following signs are found: (1) inward and
anterior displacement of the superior mesenteric
artery and vein with the increased distance between
them as well as the lateral displacement of the second
segment of the duodenum can be used to charac-
terize pancreatic head pancreatoblastoma; (2) poste-
rior displacement of the splenic artery and invasion
of the splenic vessels, with or without posterolateral
displacement of the superior mesenteric artery and
vein, is the characteristic of pancreatic body and/or
pancreatic tail pancreatoblastoma.

There have been reports of determining the origin
of pelvic masses with the aid of feeding arteries.
However, few reports have described the feeding
arteries of pancreatoblastoma. The results of this
study showed that the feeding arteries of pancre-
atoblastoma are the same as those of the normal
pancreas, namely gastroduodenal artery, the supe-
rior mesenteric artery and the splenic artery. It may
be a valid hypothesis for a future study that when a
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tumor’s feeding artery is originated from the blood
supply of pancreas, the origin of the tumor may be
the pancreas.

The radiological differential diagnosis of pancre-
atoblastoma includes a tumor originating from a peri-
pancreatic organ, such as hepatoblastoma, lymphoma,
or neuroblastoma, and a tumor originating from the
pancreas itself, which mainly includes solid pseudo-
papillary neoplasm. When hepatoblastoma grows into
the lesser sac, it may be difficult to distinguish between
hepatoblastoma and pancreatoblastoma because of
similarities in age of onset, CT manifestations, and
AFP elevation. However, hepatoblastoma often has
a hepatic artery blood supply,'’ which may help in
differentiating between the two diagnoses. Lymphoma
often involves multiple organs, without calcification,
and necrosis and bleeding are rare. Retroperitoneal
neuroblastoma generally grows along the sympathetic
nerve chain, lymph node metastasis is more common,
with possible invasion of the spinal canal. In addi-
tion, retroperitoneal neuroblastoma often pushes the
splenic artery forward, which is opposite to that of
pancreatoblastoma. Solid pseudopapillary neoplasms
often occur in females over 10 years, and calcification
and aggressive growth are rare.

In conclusion, pediatric pancreatoblastoma usually
appears as an exogenous, calcified, heterogeneous
and hypovascularized mass with a lobulated shape on
CT. Pediatric pancreatoblastoma may show aggres-
sive growth, with localized vascular or tissue invasion.
When the tumor of pancreatoblastoma is large, the
origin of the tumor may be determined by observing
the supplying arteries and the signs of displacement
of duodenal and surrounding blood vessels.
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