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Abstract
Objective  This study examined radiological imaging features of small (≤ 3 cm) and large (> 3 cm) adenosquamous carci-
nomas of the pancreas (PASC) lesions to better understand the morphology of these lesions.
Methods  Images from 110 patients with pathologically proven PASC (80 males and 30 females, mean age: 62.6 years) were 
retrospectively reviewed. Two radiologists analyzed images and reached a consensus regarding the following features: loca-
tion, shape, margins, presence of solid and necrotic components, rim enhancement, density/intensity during the portal venous 
phase, invasion of surrounding organs, vascular invasion, venous tumor thrombus formation, and enlarged lymph nodes. 
Differences in the imaging features between the two groups were evaluated with the Chi-square test or Fisher’s exact test.
Results  There were 41 small PASC lesions (mean age: 60.59 years) and 69 large PASC lesions (63.74 years). Statistical 
analysis demonstrated significant differences in the location, shape, adjacent organ and vessel invasion, and venous tumor 
thrombus formation (P < 0.05). Small PASC lesions were more frequently detected in the pancreatic head and had an ovoid 
shape. There was no significant difference in the presence of solid and necrotic components (P = 0.090), including approxi-
mately 3/4 of the lesions with necrosis and 1/4 purely solid lesions, enlarged lymph nodes (P = 0.068) and other features.
Conclusion  Regardless of the tumor size, 75% of PASC lesions present with central necrosis while 25% are purely solid. 
Small PASC lesions can be associated with lymph node metastasis at a relatively early stage. Large PASC lesions are likely 
to invade adjacent tissues and be associated with venous tumor thrombus formation.
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Introduction

Pancreatic cancer is the seventh most common fatal malig-
nancy among both men and women worldwide, account-
ing for an estimated one hundred and seventy-four and one 
hundred and fifty-seven thousand deaths, respectively [1]. 
The 5-year survival rate of pancreatic cancer is 7%, which 
is the lowest of all tumors [2]. Pancreatic adenocarcinoma 
accounts for 85% of pancreatic cancer [3], whereas adenos-
quamous carcinomas of the pancreas (PASC), an extremely 
rare and unique subtype, accounts for approximately 
0.38–4% of pancreatic malignancies [4–9]. Histologically, 
PASC has a significant proportion of cells with at least 30% 
malignant squamous differentiation in addition to neoplastic 
cells with ductal differentiation [10]. PASC is also referred 
to as “adenoacanthoma” and “mucoepidermoid carcinoma” 
and is regarded to be more clinically aggressive and have a 
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worse prognosis than conventional adenocarcinoma of the 
pancreas [9, 11–13].

A retrospective study revealed that inclusion of a plati-
num agent in the adjuvant regimen was associated with sig-
nificantly longer median survival, highlighting the need for 
prospective investigation of platinum-containing adjuvant 
therapy regimens and perhaps neoadjuvant regimens [14]. 
Therefore, accurate diagnosis and recognition of PASC is 
necessary for clinical diagnosis and treatment but difficult 
to accomplish before surgery. PASC has nonspecific clini-
cal symptoms and presents with abdominal pain, abdominal 
distension, jaundice, low back pain, and emaciation. The 
imaging features of PASC have not been comprehensively 
discussed in scattered case reports and small studies due to 
the rarity of this disease [13, 15]. Several small studies have 
revealed the presence of central necrosis as the only accepted 
feature for the diagnosis of an adenosquamous variant of 
pancreatic carcinoma [16–18]. However, compared with 
other studies [16, 17], we have found a relatively large num-
ber of solid lesions in our practice and want to investigate 
further if this finding is associated with the lesion size or if 
there are any other differentiating features of small or large 
PASC lesions. The purpose of this study was to evaluate the 
radiological imaging features of pathologically proven PASC 
and to compare these imaging features in small (< 3 cm) and 
large PASC lesions (> 3 cm).

Materials and methods

Study population

This study was approved by institutional review board of 
two hospitals, and informed patient consent was waived 
for this study. We retrospectively reviewed the pathology 
records from September 1998 to January 2018 from the two 
hospitals to identify 132 cases. Patients who met the fol-
lowing criteria were included in our study: (1) confirmed 
PASC by histopathologic examination and (2) enhancement 
computed tomography (CT) or magnetic resonance imag-
ing (MRI) performed before any treatment. We excluded 
nine patients with primary adenosquamous carcinoma of 
other organs, including two of the extrahepatic bile duct 
and gallbladder invading the head of the pancreas, three of 
the ampulla of Vater, two of the duodenum, and one of the 
stomach. In addition, three patients with PASC whose pre-
operative images were unavailable were excluded. Thus, data 
from 110 patients were included in our study. Of them, 102 
patients underwent surgical resection, and the remaining 8 
were diagnosed based on biopsy, including 2 by endoscopic 
ultrasound-guided fine-needle aspiration, 2 by needle biopsy 
of hepatic metastasis and 4 by biopsy of the primary lesion 
during open surgery. These patients included 80 men and 

30 women (mean age: 62.6 years, range 41–80 years) with 
chief complaints of abdominal pain (most common), low 
back pain, abdominal distension, jaundice, weight loss, ano-
rexia, vomiting, hyperglycemia, elevated carbohydrate anti-
gen 19-9 levels, incidental findings, and melena. The mean 
lesion size was 3.9 ± 1.37 cm (range 1.1–8.7 cm). Seventy 
PASC lesions were located in the pancreatic head, sixteen 
in the body, and twenty-four in the tail.

CT technique

Multiphasic contrast-enhanced CT images including non-
enhanced, arterial phase, portal venous phase, and equilib-
rium phase images were available for 89 patients. Multi-
detector CT was performed with one of the following CT 
scanners: 16-channel CT scanner [(Brilliance 16, Philips 
Healthcare, Cleveland, Ohio, USA) (n = 6), or (Sensation 16, 
Siemens Medical Solutions, Forchheim, Germany) (n = 3)]; 
64-channel CT scanner [(Somatom Sensation 64 Cardiac, 
Siemens Medical Solutions, Forchheim, Germany) (n = 52), 
or (Somatom Definition AS, Siemens Medical systems, 
Erlangen, Germany) (n = 18)]; and 640-channel CT scanner 
(Aquilion One, Toshiba Medical, Tochigi, Japan) (n = 10).

First, unenhanced images were acquired. For dynamic 
contrast-enhanced scanning, a total of 80–100 mL of non-
ionic contrast medium (Omnipaque 300 mg/mL; GE Health-
care, Milwaukee, WI, USA) was administered at a rate of 
3–4 mL/s via the antecubital vein with a power injector. 
The scanning delay time after the contrast injection was 25 s 
for the arterial phase, 60 s for the portal venous phase, and 
100 s for the equilibrium phase; or 20–25 s for the arterial 
phase, 40–50 s for the portal venous phase, and 85–100 s for 
the equilibrium phase. The following scanning parameters 
were used: section thickness of 3 mm, maximum allowable 
tube current of 160 mAs or tube current–time product of 
300–432 mAs, peak voltage of 120 kV, and field of view of 
320 mm × 320 mm.

MRI technique

MR images were available for 62 patients. MR images were 
obtained using one of the following MR scanners: 1.5-Tesla 
scanner (Magnetom® Avanto, Siemens AG, Erlangen, Ger-
many) (n = 19) or 3.0-Tesla scanner [(MAGNETOM Skyra, 
Siemens Healthcare, Erlangen, Germany) (n = 7), (Signa 
HDxt 3.0 T, GE Healthcare, Milwaukee, WI) (n = 25), or 
(DISCOVERY MR750, GE Healthcare, Milwaukee, WI) 
(n = 11)].

The MR examination consisted of axial unenhanced fat-
saturated T1-weighted images (T1WI) (TR, 160–250 ms; 
TE 2.1–4.5 ms), axial fat-saturated T2-weighted images 
(T2WI) (TR, 2800–6000 ms; TE, 68–91 ms), and additional 
contrast-enhanced T1WI. The other imaging parameters for 
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T1WI and T2WI were as follows: standard field of view 
of 280 mm, 360 mm or 380 mm, slice thickness of 5 mm, 
slice spacing of 1.0–1.5  mm, and matrix of 256 × 256. 
Transverse contrast-enhanced T1WI with breath-hold were 
attained after administration of 0.1 mmol/kg of Omniscan 
(GE Healthcare, UJ, USA) at a rate of 2–3 mL/s. The arterial 
phase, portal venous phase, equilibrium phase, and delayed 
phase were 18–19 s, 40–50 s, 90 s, and 180–300 s, respec-
tively, or 15–20 s, 60 s, 180 s, and 300–480 s, respectively, 
after the injection.

Image analysis

All images were reviewed simultaneously by two experi-
enced abdominal radiologists (15 and 8 years of experi-
ence) by consensus. The following features were evalu-
ated in all lesions: location (head including the pancreatic 
uncinate process or body/tail), maximal lesion diameter on 
axial images, shape (ovoid or irregular), margins (sharp or 
indistinct), presence of solid and necrotic components, cal-
cification, rim enhancement (presence or absence), density/
intensity during the portal venous phase (hypo-, iso-, or 
hyperintense compared with the surrounding normal pan-
creatic parenchyma), pancreatic duct dilatation, common 
bile duct dilation, invasion of surrounding organs, vascular 
invasion, venous tumor thrombus formation, enlargement of 
lymph nodes, and ascites.

The presence of solid and necrotic components was 
evaluated visually and classified into three levels: purely 
solid, mixed necrotic (necrotic component less than 50%), 
and mainly necrotic (more than 50%). The rim enhance-
ment pattern was defined as an area of decreased density/
intensity surrounded by a relatively bright thin rim [15]. The 
enhancement of the solid portion of the lesion compared 
with that of the surrounding pancreatic parenchyma was 
evaluated in the portal venous phase and defined as hypo-, 
iso-, or hyperintense. Dilatation of the pancreatic duct and 
common bile duct was defined as greater than 3 mm and 
10 mm, respectively. Invasion of adjacent tissues manifested 
as infiltration and loss of adjacent fat planes with ill-defined 
margins. Venous tumor thrombus formation was recognized 
by direct signs of enhanced emboli [19]. Nodes with a short 
axis > 10 mm were considered enlarged lymph nodes.

Statistical analysis

Quantitative variables are expressed as the mean ± standard 
deviation, and categorical variables are expressed as counts 
and proportions. To compare the differences in imaging 
features between small and large PASC lesions, univariate 
analysis was performed with the Chi-square test or Fisher’s 
exact test for categorical variables. The Mann–Whitney test 
for continuous variables was used to compare patient age. 

Values of P < 0.05 were considered to indicate a statisti-
cally significant difference, and all P values were two sided. 
Statistical analysis was performed with SPSS statistical soft-
ware package (version 23.0, SPSS Inc, Chicago, IL).

Results

The 110 patients were divided into two groups according 
to tumor size. There were 41 small PASC lesions and 69 
large PASC lesions. The patients’ demographic and clinical 
characteristics are summarized in Table 1. The mean age of 
patients with small (60.59 years) and large PASC lesions 
(63.74 years) was not significantly different (P = 0.083). 
There was no significant difference in sex between the two 
groups (P = 0.091). However, there was a slight male (80, 
72.7% males vs. 30, 27.3% females) predominance among 
all patients. Small PASC lesions were located in the pan-
creatic head in 38 cases, and the pancreatic body/tail in 3 
cases, while large PASC lesions were located in the pancre-
atic head in 32 cases and the pancreatic body/tail in 37 cases. 
Small PASC lesions were more frequently detected in the 
head of the pancreas (P < 0.05).

The differences in imaging features between the two 
groups are shown in Table 2. In terms of the appearance 
of the primary lesion, there was a significant difference 
only in shape between small and large PASC lesions. 
Although lesions in the two groups tended to be ill-defined 
(P = 0.708), the most frequent morphology of small PASC 
lesions was ovoid, whereas large PASC lesions were usu-
ally irregular in shape (P < 0.05). No significant differ-
ence in solid and necrotic components (P = 0.090) (Fig. 1) 
or rim enhancement (P = 0.601) (Figs.  1a and 2) was 

Table 1   Clinical characteristics of the patients

*Mean tumor size ± standard deviation
† Mann–Whitney test
‡ Chi-square test

Feature Small (≤ 3 cm) 
ASC

Large (> 3 cm) 
ASC

P value

No. of patients 41 69
Age (years) 60.59 ± 9.12 63.74 ± 9.13 0.083†

Sex (%) 0.091‡

 Male 26 (63.4%) 54 (78.3%)
 Female 15 (36.6%) 15 (21.7%)
 Female: male 1:1.73 1:3.60

Tumor size (cm)* 2.56 ± 0.46 4.70 ± 1.08
Tumor location < 0.05‡

 Head 38 (92.7%) 32 (46.4%)
 Body/tail 3 (7.3%) 37 (53.6%)
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observed between small and large PASC lesions. Purely 
solid lesions were found in twenty-six (23.6%) PASC 
lesions. The pattern and degree of enhancement were 
not significantly different between small and large PASC 
lesions.

Furthermore, with regard to growth pattern and indi-
rect signs of PASC, the occurrences of adjacent organ and 
vessel invasion and venous tumor thrombus formation 
were statistically significantly different between small and 
large PASC lesions (P < 0.05). However, the two groups 

Table 2   Imaging differences 
between small and large PASCs

*Chi-square test
† Fisher’s exact test

Feature Small (≤ 3 cm) PASC Large (> 3 cm) PASC P value

Shape (%) < 0.05*
 Ovoid 24 (58.5%) 21 (30.4%)
 Irregular 17 (41.5%) 48 (69.6%)

Margin (%) 0.708†

 Sharp 2 (4.9%) 6 (8.7%)
 Indistinct 39 (95.1%) 63 (91.3%)

Components (%) 0.090†

 Pure solid lesion 14 (34.1%) 12 (17.4%)
 Mixed necrotic lesion 25 (61.0%) 48 (69.6%)
 Mainly necrotic lesion 2 (4.9%) 9 (13.0%)

Calcification (%) 1.000†

 Present 3 (7.3%) 5 (7.2%)
 Absent 38 (92.7%) 64 (92.8%)

Ring enhancement (%) 0.601*
 Present 31 (75.6%) 49 (71.0%)
 Absent 10 (24.4%) 20 (29.0%)

Density/intensity during portal venous 
phase (%)

0.679*

 Hypo- 9 (21.9%) 15 (21.7%)
 Iso- 10 (24.4%) 22 (31.9%)
 Hyper- 22 (53.7%) 32 (46.4%)

Pancreatic duct dilation (%) 0.334*
 Present 27 (65.9%) 39 (56.5%)
 Absent 14 (34.1%) 30 (43.5%)

Choledochus dilation (%) 0.054*
 Present 20 (48.8%) 21 (30.4%)
 Absent 21 (51.2%) 48 (69.6%)

Invasion of surrounding organs (%) < 0.05*
 Present 18 (43.9%) 51 (73.9%)
 Absent 23 (56.1%) 18 (26.1%)

Vascular invasion (%) < 0.05*
 Present 19 (46.3%) 58 (84.1%)
 Absent 22 (53.7%) 11 (15.9%)

Enlargement of lymph nodes (%) 0.068*
 Present 17 (41.5%) 41 (59.4%)
 Absent 24 (58.5%) 28 (40.6%)

Venus tumor thrombus (%) < 0.05*
 Present 0 (0) 23 (33.3%)
 Absent 41 (100%) 46 (66.7%)

Ascites (%) 0.155†

 Present 0 (0) 5 (7.2%)
 Absent 41 (100%) 64 (92.8%)
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showed no significant difference in pancreatic duct dilation 
(P = 0.334), common bile duct dilation (P = 0.054), enlarged 
lymph nodes (P = 0.068), or ascites (P = 0.155). Eighteen 
(43.9%) small PASC lesions with invasion of the surround-
ing organs invaded only three upper abdominal organs, 
including the common bile duct, duodenum, and stomach. 
The duodenum (23 cases), left adrenal gland (18 cases), 
and spleen (12 cases) were the three organs most frequently 
invaded by large PASC lesions (51, 73.9%) (Fig. 3). Other 
organs infiltrated by large PASC lesions were as follows: 
common bile duct (11 cases), stomach (10 cases), trans-
verse colon (8 cases), jejunoileum (1 case), and left kidney 
(1 case). Venous tumor thrombus formation was detected in 

twenty-three lesions, all of which were large PASC lesion 
(Fig. 4). Portal vein, splenic vein, and superior mesenteric 
vein tumor thrombus formation was identified in 2, 23 
(100%), 1 lesion(s), respectively.

Discussion

PASC, a rare subtype of pancreatic malignant neoplasm with 
a dismal prognosis, has attracted attention in recent years. 
PASC has more aggressive behavior with invasion of sur-
rounding tissues and simultaneous metastases and is asso-
ciated with significantly worse overall survival following 

Fig. 1   Axial MR scans in a 69-year-old woman with a small (1.9 cm) 
PASC lesion in the pancreatic head and axial CT scans in a 55-year-
old woman with a large (4.0  cm) PASC lesion. a Axial enhanced 
T1-weighted image obtained the during portal venous phase show-

ing a small lesion with central necrosis (arrow). b CT scan obtained 
during the portal venous phase showing a purely solid mass with an 
irregular shape (arrow)

Fig. 2   Axial MR scans in a 
65-year-old woman with a 3-cm 
PASC lesion in the pancreatic 
body. a Axial T2-weighted 
image showing a slightly 
hyperintense lesion with central 
necrosis (arrow). b Axial 
T1-weighted image showing 
a homogeneously hypoin-
tense lesion (arrow). c, d Rim 
enhancement with a central area 
of decreased intensity (arrow) 
of a lesion on an enhanced MR 
scan obtained during the arterial 
phase and portal venous phase
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resection than conventional adenocarcinoma of the pancreas 
(median survival of all patients and surgical patients, 8.4 vs 
15.8 months and 12.0–14.8 vs 20.5 months, respectively) 
[4, 5, 7, 13], as suggested by many previous studies that 
mainly focused on the clinical characteristics and outcomes 
of PASC. A retrospective study revealed that a lack of adju-
vant therapy [hazard ratio (HR) 3.6], lymph node involve-
ment (HR 3.5), and age (HR 1.0) in a multivariable model 
and a lack of inclusion of a platinum agent in the adjuvant 
regimen (HR 2.4) and larger tumor diameter (HR 1.3) in 
a second multivariable model were independently predic-
tive of poor survival [14]. Therefore, accurate diagnosis and 
preoperative evaluation for PASC are important for clinical 
decisions. However, the imaging features of PASC suggested 

by very limited studies with small sample sizes are still 
incompletely described; furthermore, even pancreatic fine-
needle aspiration failed to diagnose PASC with a specificity 
of less than 10% [8]. Our study, which to our knowledge is 
the largest imaging study of PASC reported to date, is the 
first study to focus on the diversity of imaging appearances 
in different-sized PASC lesions and their growth trends to 
describe differentiation of small and large PASC lesions to 
better understand the morphology of these lesions.

In our study, PASC lesions occurred most frequently in 
males (male:female, 2.67:1) in their 60s, which differed from 
a review that implied an almost 1:1 ratio (males vs females, 
63 vs 57) [20]. There are no obviously specific clinical man-
ifestations of PASC, and abdominal pain, low back pain, 

Fig. 3   Axial MR scans in a 
55-year-old man with a 5.0-cm 
PASC lesion in the pancreatic 
tail. a Axial T2-weighted image 
showing an irregular mass 
(arrow) with central necrosis 
and an ill-defined border outside 
the pancreatic parenchyma. b 
Slight rim enhancement and 
invasion of the left adrenal 
gland (arrow) and spleen 
(arrowhead) by the lesion dur-
ing the arterial phase. c Loss of 
the fat plane between the mass 
and the posterior gastric wall 
indicative of invasion (arrow)

Fig. 4   Axial CT scans in a 
64-year-old man with a 4.8-cm 
PASC lesion in the pancreatic 
body. a Axial CT image dur-
ing the portal venous phase 
showing a solid mass with rim 
enhancement (arrow) and a 
tumor thrombus in the splenic 
vein (arrowhead). b Axial CT 
image during the equilibrium 
phase showing a filling defect 
in the splenic vein (arrowhead), 
behind the upstream ductal dila-
tion (arrow)
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abdominal distension, jaundice, and weight loss are pos-
sible symptoms. Twenty-seven (39.1%) patients with large 
PASC lesions and seven (17.0%) with small PASC lesions 
had two or more symptoms. These tumors are more com-
monly involved in the pancreatic head (63.6%), whereas a 
large population-based study reported that tumors located in 
body and/or tail were slightly more common [11], which was 
also supported by the findings of Simone et al. [9]. PASC 
lesions in the body and/or the tail tended to grow larger, 
and small PASC lesions were almost located in the pancre-
atic head. We speculate that pancreatic head cancer may be 
detectable at an early stage because of symptoms of biliary 
obstruction. On the other hand, large PASC lesions were 
located in the pancreatic body and/or tail which grew and 
became huge infiltrative lesions outside the pancreas in the 
left superior retroperitoneal space, which is relatively larger 
than space around the head of the pancreas. Surrounding 
organs, such as the gastrointestinal tract, spleen, left adrenal 
grand, and left kidney, could be infiltrated in the early stages. 
However, symptoms including abdominal pain, backaches, 
and fecal occult blood can go unnoticed or are so slight that 
they might be ignored.

In terms of imaging manifestations, almost all PASC 
lesions were ill-defined and the shape of large PASC lesions 
was mainly irregular because of their more obvious infiltra-
tive growth, while small PASC lesions were usually visu-
ally determined to be ovoid. Approximately, 75% of PASC 
lesions had different degrees of necrosis and cystic portions 
with rim enhancement, regardless of the tumor size, similar 
to the results reported in many previous studies. One possi-
ble explanation for this finding is that angiogenesis for blood 
supply cannot catch up with the growth of the tumor [21]. 
In other words, approximately one-fourth of PASC lesions 
were purely solid regardless of the tumor size, including 14 
small and 12 large PASC lesions. Pancreatic adenocarcino-
mas are usually solid, and approximately 1% undergo cystic 
degeneration [22] and area larger in size (mean size, 7.3 cm) 
[23]. We cannot explain this phenomenon, but we hypoth-
esize that a small pancreatic tumor with necrosis and signs 
of malignancy is a powerful clue in the differential diagnosis 
of PASC. The tumors were hyper- to hypointense compared 
with the surrounding normal pancreatic parenchyma during 
the portal venous phase, with no visual rule. Therefore, we 
hypothesize that it is not easy to conclude whether PASC 
lesions are tumors with hypervascularity or hypovascularity.

The presence of a venous tumor thrombus was only 
observed in large PASC lesions, and the splenic vein was 
involved in 100% of cases. Tumor thrombi frequently 
involve the portal vein and mostly occur in advanced 
hepatocellular carcinoma. In addition, there has been 
much more research regarding malignant thromboses in 
hepatoma than in pancreatic carcinoma, regarding which 
there are only a few case reports. Therefore, we referenced 

these researches and drew on the diagnostic criteria for 
tumor thrombus formation: the presence of enhancement. 
There was so substantial overlap in vessel expansion by a 
thrombus and the apparent diffusion coefficient values of 
a thrombus between benign and malignant thrombi that we 
did not use them as criteria [19, 24]. As a result, 20.9% of 
PASC lesions were associated with a tumor thrombus. To 
date, the detailed mechanism of tumor thrombus develop-
ment has not been elucidated [25], however, two reason-
able hypotheses have been generated. First, tumor throm-
bus formation in the portal systems may occur by direct 
venous tumor invasion, which may be the reason why the 
tumor thrombi in our study all occurred in large PASC 
lesions. Second, Li et al. revealed that three vascular-
specific growth factors (vascular endothelial growth fac-
tor, angiopoietin-2, and endocrine gland-derived vascular 
endothelial growth factor) are related to carcinogenesis 
and portal vein tumor thrombus formation in hepatocel-
lular carcinoma [26]. Additionally, another study dem-
onstrated that higher vascular endothelial growth factor 
A, hypoxia-inducible factor 1-alpha, and angiopoietin-2 
levels were observed in PASC [27]. In terms of prognosis, 
aggressive surgical resection of pancreatic carcinoma with 
tumor thrombus may result in better outcomes [25]. Con-
versely, tumor thrombus formation in conventional adeno-
carcinomas of the pancreas is rarely seen in routine clini-
cal practice [17]. Thus, we believe that evaluating tumor 
thrombus formation in PASC is of great significance both 
for differential diagnosis and clinical guidance.

Due to their malignant nature, PASC lesions were found 
to frequently infiltrate adjacent tissues. Large PASC lesions 
were more likely to invade surrounding organs and vessels 
than small PASC lesions. Katz et al. and Yin et al. reported 
that PASC has a considerable propensity for lumen invasion 
[4, 28]. In our study, invasion of duodenum was the most 
common, occurring in 33 cases, followed by the common 
bile duct in 24 cases and the left adrenal gland in 18 cases. 
However, there was no significant difference in enlarged 
lymph nodes between the two groups, which indicated that 
lymph node metastasis can occur at a relatively early stage. 
Therefore, venous tumor thrombus formation and enlarged 
lymph nodes at a relatively early stage may be helpful fea-
tures to identify PASC and offer some guidance for surgery. 
There are several limitations in our study. First, it was lim-
ited by its retrospective nature. Second, using different types 
of CT and MR scanners and enhancement protocols may 
have caused deviation in enhancement patterns.

In conclusion, regardless of the tumor size, 75% of 
PASC lesions presented with central necrosis, while 25% 
were purely solid. Small PASC lesions can be associated 
with lymph node metastasis at a relatively early stage. Large 
PASC lesions are likely to invade adjacent tissues and be 
associated with venous tumor thrombus formation. These 
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imaging differences can help to deepen our understanding 
of PASC.

References

	 1.	 Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J, Jemal A 
(2015) Global cancer statistics, 2012. CA Cancer J Clin 65 (2):87-
108. https​://doi.org/10.3322/caac.21262​

	 2.	 Miller KD, Siegel RL, Lin CC, Mariotto AB, Kramer JL, Rowland 
JH, Stein KD, Alteri R, Jemal A (2016) Cancer treatment and sur-
vivorship statistics, 2016. CA Cancer J Clin 66 (4):271-289. https​://
doi.org/10.3322/caac.21349​

	 3.	 Ryan DP, Hong TS, Bardeesy N (2014) Pancreatic adenocarcinoma. 
N Engl J Med 371 (11):1039-1049. https​://doi.org/10.1056/NEJMr​
a1404​198

	 4.	 Katz MH, Taylor TH, Al-Refaie WB, Hanna MH, Imagawa DK, 
Anton-Culver H, Zell JA (2011) Adenosquamous versus adenocar-
cinoma of the pancreas: a population-based outcomes analysis. J 
Gastrointest Surg 15 (1):165-174. https​://doi.org/10.1007/s1160​
5-010-1378-5

	 5.	 Hester CA, Augustine MM, Choti MA, Mansour JC, Minter RM, 
Polanco PM, Porembka MR, Wang SC, Yopp AC (2018) Compara-
tive outcomes of adenosquamous carcinoma of the pancreas: An 
analysis of the National Cancer Database. J Surg Oncol. https​://doi.
org/10.1002/jso.25112​

	 6.	 Hsu JT, Chen HM, Wu RC, Yeh CN, Yeh TS, Hwang TL, Jan YY, 
Chen MF (2008) Clinicopathologic features and outcomes follow-
ing surgery for pancreatic adenosquamous carcinoma. World J Surg 
Oncol 6:95. https​://doi.org/10.1186/1477-7819-6-95

	 7.	 Imaoka H, Shimizu Y, Mizuno N, Hara K, Hijioka S, Tajika M, 
Kondo S, Tanaka T, Ogura T, Obayashi T, Hasegawa T, Niwa Y, 
Yamao K (2014) Clinical Characteristics of Adenosquamous Car-
cinoma of the Pancreas: A Matched Case-Control Study. Pancreas 
43:287-290.

	 8.	 Olson MT, Siddiqui MT, Ali SZ (2013) The differential diagnosis 
of squamous cells in pancreatic aspirates: from contamination to 
adenosquamous carcinoma. Acta Cytol 57 (2):139-146. https​://doi.
org/10.1159/00034​6326

	 9.	 Simone. CG, Toro. TZ, Chan. E, Feely. MM, Trevino. JG, Thomas 
J. George J (2013) Characteristics and outcomes of adenosquamous 
carcinoma of the pancreas. Gastrointest Cancer Res 6 (3):75-79

	10.	 Hruban RH, Pitman MB, Klimstra DS (2007) Tumors of the pan-
creas. In: AFIP Atlas of Tumor Pathology. American Registry of 
Pathology/Armed Forces Institute of Pathology, Washington, DC,

	11.	 Boyd CA, Benarroch-Gampel J, Sheffield KM, Cooksley CD, Riall 
TS (2012) 415 patients with adenosquamous carcinoma of the pan-
creas: a population-based analysis of prognosis and survival. J Surg 
Res 174 (1):12-19. https​://doi.org/10.1016/j.jss.2011.06.015

	12.	 Komatsu. H, Egawa. S, Motoi. F, Morikawa. T, Sakata. N, Naitoh. 
T, Katayose. Y, Ishida. K, Unno. M (2014) Clinicopathological fea-
tures and surgical outcomes of adenosquamous carcinoma of the 
pancreas- a retrospective analysis of patients with resectable stage 
tumors. Surg Today 45:297-304. https​://doi.org/10.1007/s0059​
5-014-0934-0)

	13.	 Smoot RL, Zhang L, Sebo TJ, Que FG (2008) Adenosquamous car-
cinoma of the pancreas: a single-institution experience comparing 
resection and palliative care. J Am Coll Surg 207 (3):368-370. https​
://doi.org/10.1016/j.jamco​llsur​g.2008.03.027

	14.	 Wild AT, Dholakia AS, Fan KY, Kumar R, Moningi S, Rosati LM, 
Laheru DA, Zheng L, Jesus-Acosta AD, Ellsworth SG, HackerPri-
etz A, Voong KR, Tran PT, Hruban RH, Pawlik TM, Wolfgang 
CL, Herman JM (2015) Efficacy of platinum chemotherapy agents 
in the adjuvant setting for adenosquamous carcinoma of the pan-
creas. J Gastrointest Oncol 6 (2):115-125. https​://doi.org/10.3978/j.
issn.2078-6891.2014.091

	15.	 Imaoka H, Shimizu Y, Mizuno N, Hara K, Hijioka S, Tajika M, Tan-
aka T, Ishihara M, Ogura T, Obayashi T, Shinagawa A, Sakaguchi 
M, Yamaura H, Kato M, Niwa Y, Yamao K (2014) Ring-enhance-
ment pattern on contrast-enhanced CT predicts adenosquamous car-
cinoma of the pancreas: a matched case-control study. Pancreatology 
14 (3):221-226. https​://doi.org/10.1016/j.pan.2014.02.005

	16.	 Ding Y, Zhou J, Sun H, He D, Zeng M, Rao S (2013) Contrast-
enhanced multiphasic CT and MRI findings of adenosquamous 
carcinoma of the pancreas. Clin Imaging 37 (6):1054-1060. https​
://doi.org/10.1016/j.clini​mag.2013.08.002

	17.	 Toshima F, Inoue D, Yoshida K, Yoneda N, Minami T, Kobayashi S, 
Ikdeda H, Matsui O, Gabata T (2016) Adenosquamous carcinoma of 
pancreas: CT and MR imaging features in eight patients, with patho-
logic correlations and comparison with adenocarcinoma of pancreas. 
Abdom Radiol (NY) 41 (3):508-520. https​://doi.org/10.1007/s0026​
1-015-0616-4

	18.	 Zaheer A, Fishman EK, Pittman ME, Hruban RH (2017) Pancre-
atic imaging: a pattern-based approach to radiologic diagnosis with 
pathologic correlation. Springer, Switzerland

	19.	 Ahn J-H, Yu J-S, Cho E-S, Chung J-J, Kim JH, Kim KW (2016) 
Diffusion-Weighted MRI of Malignant versus Benign Portal Vein 
Thrombosis. Korean Journal of Radiology 17 (4). https​://doi.
org/10.3348/kjr.2016.17.4.533

	20.	 Trikudanathan. G, Dasanu. CA (2010) Adenosquamous Carcinoma 
of the Pancreas- A Distinct Clinicopathologic Entity. Southern Med-
ical Journal 103 (9):903-910

	21.	 Nabae. T, Yamaguchi. K, Takahata. S, Utsunomiya. N, Matsunaga. 
H, Sumiyoshi. K, Chijiiwa. K, Tanaka. M (1998) Adenosquamous 
carcinoma of the pancreas- report of two cases. Am J Gastroenterol 
93 (7):1167-1170

	22.	 Garcea G, Ong SL, Rajesh A, Neal CP, Pollard CA, Berry DP, Den-
nison AR (2008) Cystic lesions of the pancreas. A diagnostic and 
management dilemma. Pancreatology 8 (3):236-251. https​://doi.
org/10.1159/00013​4279

	23.	 Paik K, Choi S, Heo J, Choi D (2011) Solid tumors of the pancreas 
can put on a mask through cystic change. World Journal of Surgical 
Oncology 9 (1):79. https​://doi.org/10.1186/1477-7819-9-79

	24.	 Sandrasegaran K, Tahir B, Nutakki K, Akisik FM, Bodanapally 
U, Tann M, Chalasani N (2013) Usefulness of Conventional MRI 
Sequences and Diffusion-Weighted Imaging in Differentiating 
Malignant From Benign Portal Vein Thrombus in Cirrhotic Patients. 
American Journal of Roentgenology 201 (6):1211-1219. https​://doi.
org/10.2214/ajr.12.10171​

	25.	 Yamato H, Kawakami H, Kuwatani M, Shinada K, Kondo S, Kubota 
K, Asaka M (2009) Pancreatic Carcinoma Associated with Portal 
Vein Tumor Thrombus: Three Case Reports. Internal Medicine 48 
(3):143-150. https​://doi.org/10.2169/inter​nalme​dicin​e.48.1049

	26.	 Li Q, Xu B, Fu L, Hao X (2006) Correlation of four vascular specific 
growth factors with carcinogenesis and portal vein tumor thrombus 
formation in human hepatocellular carcinoma. J Exp Clin Cancer 
Res 25 (3):403-409

	27.	 Silvestris N, Danza K, Longo V, Brunetti O, Fucci L, Argentiero 
A, Calabrese A, Cataldo I, Tamma R, Ribatti D, Tommasi S (2017) 
Angiogenesis in adenosquamous cancer of pancreas. Oncotarget 8 
(56):95773-95779

	28.	 Yin Q, Wang C, Wu Z, Wang M, Cheng K, Zhao X, Yuan F, Tang 
Y, Miao F (2013) Adenosquamous carcinoma of the pancreas- 
multidetector-row computed tomographic manifestations and tumor 
characteristics. J Comput Assist Tomogr 37:125-133

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.3322/caac.21262
https://doi.org/10.3322/caac.21349
https://doi.org/10.3322/caac.21349
https://doi.org/10.1056/NEJMra1404198
https://doi.org/10.1056/NEJMra1404198
https://doi.org/10.1007/s11605-010-1378-5
https://doi.org/10.1007/s11605-010-1378-5
https://doi.org/10.1002/jso.25112
https://doi.org/10.1002/jso.25112
https://doi.org/10.1186/1477-7819-6-95
https://doi.org/10.1159/000346326
https://doi.org/10.1159/000346326
https://doi.org/10.1016/j.jss.2011.06.015
https://doi.org/10.1007/s00595-014-0934-0)
https://doi.org/10.1007/s00595-014-0934-0)
https://doi.org/10.1016/j.jamcollsurg.2008.03.027
https://doi.org/10.1016/j.jamcollsurg.2008.03.027
https://doi.org/10.3978/j.issn.2078-6891.2014.091
https://doi.org/10.3978/j.issn.2078-6891.2014.091
https://doi.org/10.1016/j.pan.2014.02.005
https://doi.org/10.1016/j.clinimag.2013.08.002
https://doi.org/10.1016/j.clinimag.2013.08.002
https://doi.org/10.1007/s00261-015-0616-4
https://doi.org/10.1007/s00261-015-0616-4
https://doi.org/10.3348/kjr.2016.17.4.533
https://doi.org/10.3348/kjr.2016.17.4.533
https://doi.org/10.1159/000134279
https://doi.org/10.1159/000134279
https://doi.org/10.1186/1477-7819-9-79
https://doi.org/10.2214/ajr.12.10171
https://doi.org/10.2214/ajr.12.10171
https://doi.org/10.2169/internalmedicine.48.1049

	110 Patients with adenosquamous carcinomas of the pancreas (PASC): imaging differentiation of small (≤ 3 cm) versus large (> 3 cm) tumors
	Abstract
	Objective 
	Methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Study population
	CT technique
	MRI technique
	Image analysis
	Statistical analysis

	Results
	Discussion
	References




