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a b s t r a c t 

Pancreatic mixed acinar-neuroendocrine carcinomas are rare malignant tumors of the pan- 

creas. They are composed histologically of both acinar and neuroendocrine cells. The pan- 

creatic duct is known to be an important site of tumor growth for acinar cell carcino- 

mas, neuroendocrine tumors, and intraductal tubulopapillary neoplasms. To the best of 

our knowledge, there has been only 1 report of a mixed acinar-neuroendocrine carcinoma 

growing into the pancreatic duct and no reports detailing imaging findings with this tumor. 

We here report a 69-year-old man who presented with worsening glycemic control. Multi- 

phase contrast-enhanced computed tomography and magnetic resonance imaging revealed 

a well-circumscribed mass with poor contrast enhancement in the pancreatic tail region of 

the pancreatic duct. The intraductal mass showed diffusion restriction on magnetic reso- 

nance imaging. These imaging findings are consistent with the expansive, smooth-surfaced 

polypoid tumor of low vascularity and high cellularity that was diagnosed pathologically. 

Mixed acinar-neuroendocrine carcinomas should be included in the differential diagno- 

sis of intraductal tumors of the pancreas with poor contrast enhancement and diffusion 

restriction. 
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Introduction 

The exocrine component of the pancreas is composed of duc-
tal and acinar cells and the endocrine component of neu-
roendocrine cells [ 1 ,2 ]. Ductal adenocarcinomas are the com-
monest malignancies of the pancreas ( > 75%), followed by
neuroendocrine tumors (NETs) (7%) and acinar cell carcino-
mas (ACCs) (1%) [1] . Pancreatic neoplasms can exhibit more
than 1 line of cellular differentiation [1–3] . Combinations of
acinar-endocrine, acinar-ductal, acinar-endocrine-ductal, and
ductal-endocrine cells have been reported [4–6] . It has been es-
tablished that approximately one-third of ACCs express neu-
roendocrine markers [7] . According to the World Health Orga-
nization (WHO) classification, mixed acinar-endocrine carci-
nomas (MAEC) is a variant of ACC in which endocrine compo-
nent comprises more than 30% of the tumor and a rare neo-
plasm [ 1 ,8 ]. To the best of our knowledge, there has been only 1
report of an MAEC growing into the pancreatic duct [9] and no
reports detailing the imaging findings of these tumors. Here,
we report a patient with a pancreatic MAEC that was grow-
ing into the pancreatic duct and the associated radiologic-
pathologic findings. 

Case report 

A 69-year-old man receiving medical treatment for type 2
diabetes mellitus was referred to a local clinic because of
worsening glycemic control. He had a history of pulmonary
silicosis diagnosed approximately 7 years previously and of
prostate cancer diagnosed 3 years previously. He was referred
to our hospital for further examination. Laboratory tests re-
vealed high carbohydrate antigen 19–9 (CA19-9) (43 U/mL; ref-
erence range < 37 U/mL) and HbA1c (10.1%; normal range:
4.0%-6.5%). Serum concentrations of amylase, lipase, carci-
noembryonic antigen, DUPAN-2, and SPAN-1 were within the
normal range. Computed tomography (CT) revealed a mass
with a diameter of 80 ×20 mm in the main pancreatic duct
(MPD) and branch ducts within the pancreatic tail. The intra-
ductal mass showed isoattenuation compared with the adja-
cent pancreatic parenchyma on noncontrast images, and ap-
peared well-circumscribed and poor contrast enhancement
in all phases of triple phase contrast-enhanced CT (CE-CT)
( Fig. 1 ). This intraductal mass showed low signal intensity
(SI) on TI-weighted MR images, and inhomogeneous high
SI on T2-weighted images (WI) ( Figs. 2 a and b). Diffusion-
weighted images (DWI) and an apparent diffusion coefficient
(ADC) map of the intraductal mass revealed diffusion restric-
tion ( Figs. 2 c and d). No masses were detected in the pan-
creatic parenchyma on CT or magnetic resonance imaging
(MRI). These imaging findings led to a differential diagnosis
of ACC, NET, or intraductal tubulopapillary neoplasm (ITPN),
the poor enhancement of the intraductal mass favoring the
diagnosis of ITPN. Distal pancreatectomy with splenectomy
was performed. Gross examination of the resected specimen
revealed an expansive and smooth-surfaced polypoid mass
(83 × 20 mm in diameter) in the dilated main pancreatic
duct and branch ducts within the pancreatic tail ( Fig. 3 a).
 

Histologically, the tumor showed acinar, cribriform, and solid
patterns of growth with high cellularity and low vascularity
( Figs. 3 b and c). Immunostaining showed extensive expression
of trypsin and BCL-10 (markers for acinar cells), together with
expression of synaptophysin (a marker for endocrine cells)
in more than 30% of the tumor cells ( Figs. 3 d-f). On the ba-
sis of these histopathologic findings and in accordance with
the WHO classification [1] , the tumor was diagnosed as an
MAEC. The intraductal tumor in the pancreatic tail showed
minimal invasion of the pancreatic parenchyma. The surgi-
cal margins were negative. On follow-up 22 months after re-
section, an intraductal mass (56 ×17 mm in diameter) was de-
tected in the remnant pancreatic head. The findings on CE-
CT and MRI were similar to those of the previously resected
mass ( Figs. 4 a-d). Positron emission tomography (PET)/CT us-
ing 18F-FDG showed an increased maximum standardized
uptake value in the delayed-phase (4.0) compared with that
in the early-phase (2.9) ( Figs. 4 e and f). Laboratory tests re-
vealed high serum CA 19–9 (47 U/mL; reference limit < 37
U/mL), similar to the previously resected tumor. A MAEC of
the remnant pancreatic head was diagnosed on the basis of
these findings. Pylorus-preserving pancreato-duodenectomy
was considered. However, combined chemotherapy (tegafur–
gimeracil–oteracil potassium: TS-1) and radiotherapy (50.4
Gy/28 fr) was considered preferable because of the patient’s
silicosis-related impaired lung function. The intraductal tu-
mor in the remnant pancreatic head decreased in size from
56 ×17 mm to 25 ×5mm on CE-CT performed 1 month after
completion of radiotherapy ( Figs. 5 a and b). Chemotherapy
was continued for 1 year, followed by approximately 1 year
drug-free. At the last follow-up visit, approximately 4 years af-
ter resection of the intraductal tumor of the pancreatic tail, a
further CE-CT showed no evidence of intraductal tumor in the
remnant pancreatic head ( Figs. 5 a and d). 

Discussion 

MAECs are rare pancreatic malignancies. They were first de-
scribed in the early 1990s by Klimstra et al. [8] and are com-
posed of both acinar and neuroendocrine cells, each compo-
nent constituting more than 30% of the tumor [1] . Pancreatic
ACCs and NETs are rare pancreatic neoplasms, accounting for
less than 1%-2% [ 6 ,10 ] and 1%-5% of primary pancreatic neo-
plasms, respectively [ 11 ,12 ]. MAECs are generally considered
a variant of acinar cell carcinoma and make up 5%-20% of
ACCs [13] . MAECs are reportedly more common in middle-
aged and older patients (median age, 65 years; range, 45-89
years) and more frequently occur in men (76%) [14] . They are
most commonly located in the head of the pancreas and are
usually of large volume when diagnosed, with a median di-
ameter of 7.3 cm [14] . In previous reports, MAECs have char-
acteristic findings such as a well-defined expansive mass with
capsule, and a lack of or relatively mild vascular and bile duct
encasement [ 15 ,16 ]. Hara et al. [14] reported MAEC showed
an expansive lobular mass and infiltrated the spleen and the
splenic vein and had multiple liver metastases. Some previ-
ous reports have described MAECs appearing as hypervascu-
lar masses on CE-CT [ 14 ,17 ]. To the best of our knowledge, only
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Fig. 1 – Portal venous contrast-enhanced axial (a-e) and paracoronal CT images (f) show an 80 × 20 mm mass in the main 

pancreatic duct (arrowheads) and branch ducts (arrows) of the pancreatic tail, and pancreatic parenchymal atrophy. The 
intraductal mass shows well-circumscribed poor enhancement. Mean CT attenuation of the 3 regions in the intraductal 
mass were 27 Hounsfield unit (HU) on noncontrast enhanced images, 46 HU in the pancreatic parenchymal phase, 45 HU in 

the portal venous phase, and 44 HU in the equilibrium phase. No mass was detected in the pancreatic parenchyma. 

 

 

 

 

 

 

 

 

 

 

 

 

1 case of a MAEC growing into the main pancreatic duct, as in
the present case, has been reported. That intraductal tumor
showed low attenuation with medium peripheral enhance-
ment on CE-CT [9] . In the present case, the intraductal tumor
was well-circumscribed and had poor enhancement on multi-
phase CE-CT and MRI. DWI and an ADC map of the intraductal
mass revealed diffusion restriction. The well-circumscribed
appearance was consistent with the macroscopic findings of
an expansive and smooth-surfaced polypoid mass. The imag-
ing findings of poor enhancement and diffusion restriction
may reflect the low vascularity and high cellularity found on
pathological examination [ 18 ,19 ]. NETs, ACCs, and ITPNs are
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Fig. 2 – On TI-weighted images (a), the intraductal mass (arrowheads) shows low signal intensity (SI) and on T2-weighted 

images inhomogeneous high SI (b) compared with the adjacent pancreatic parenchyma. Diffusion-weighted image (c) and 

apparent diffusion coefficient map (d) of the intraductal mass (arrowheads) reveal diffusion restriction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

known to extend into the main pancreatic duct [ 4 ,20–26 ]. Tu-
mor growth into the pancreatic duct is reportedly identified
in 10% of ACCs by CT imaging [22] and 54% by histological ex-
amination [4] . In previous reports, intraductal tumors in the
ACCs show mild enhancement in the pancreatic parenchymal
phase on CE-CT [ 23 ,24 ]. Intraductal tumors in the NETs show
strong enhancement in the pancreatic parenchymal phase on
CE-CT, hyperintense on T2-WI and diffusion weighted MR im-
ages, and greater SUV max on F18-FDG PET/CT images [21] .
The enhancement pattern in the intraductal tumor in the
present MAEC differed from those reported for intraductal
tumors in the ACCs and NETs. In contrast, it has been re-
ported that pancreatic ITPNs show low attenuation compared
with the adjacent pancreatic parenchyma on unenhanced CT
and iso to low attenuation in all phases of multiphase CE-CT
[ 25 ,27 ]. The signal intensities of most of these lesions are high
on T2WIs and low on T1WIs [ 25 ,26 ], whereas DWI shows dif-
fusion restriction [ 26 ,28 ]. 18F-FDG uptake on PET-CT ranges
widely from no to strong uptake [ 29 ,30 ]. Therefore, it was dif-
ficult to differentiate our tumor from an ITPN on imaging
findings. 
Intraductal papillary mucinous neoplasms (IPMNs) are also
representative of pancreatic tumors with intraductal tumor
growth into the MPD [1] and have high frequency of MPD di-
latation of not only the upstream but also downstream of the
tumor owing to mucin hypersecretion [31–33] . Co-occurrence
of IPMN and NET is a very rare entity [ 34 ,35 ] and Boge et al.
[36] reported that neuroendocrine carcinoma was identified
as a mural nodule measuring 1.5cm in the dilated pancreatic
duct and had marked contrast enhancement with on MRI. In
the present case, intraductal tumor causes dilatation of the
pancreatic duct simply due to tumor mass itself with poor
contrast enhancement and has no dilatation of downstream
of the tumor owing to mucin hypersecretion. 

The gold standard treatment for MAEC has not yet been es-
tablished. It is generally agreed that resection is the first-line
treatment for resectable MAECs [ 14 ,37 ]. In the present case,
we performed a distal pancreatectomy for the intraductal tu-
mor in the pancreatic tail. Because so few cases have been
reported, the role of chemotherapy for unresectable MAECs
has not yet been established. Given that MAECs have 2 cel-
lular components, chemotherapy regimens that are effective
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Fig. 3 – Photomicrographs of sections of the resected specimen (a), hematoxylin and eosin stain, ([b] low-power 
photomicrograph, [c] high-power photomicrograph), and immunostaining for trypsin (d), bcl10 (e), and synaptophysin (f). 
Grossly, the tumor appears as an expansive polypoid lesion (arrowheads) in the dilated main pancreatic duct (a). 
Histologically, the tumor cells are growing in solid nests and surrounded by fibrotic pancreatic parenchyma (arrowheads in 

b). The tumor shows acinar, cribriform, and solid patterns of growth with high cellularity and low vascularity (c). 
Immunostaining showed extensive expression of trypsin (d) and BCL-10 (e), followed by expression of synaptophysin in 

more than 30% of the tumor cells (f). 

 

 

 

 

 

 

 

 

 

 

 

 

 

against both elements are ideal [38] . Some studies have docu-
mented responses of MAECs to TS-1 chemotherapy [ 38 ,39 ]. It
has been suggested that TS-1 may be less effective for the neu-
roendocrine components of MAECs [39] . In the present case,
the patient underwent both radiotherapy and chemotherapy
with TS-1 for the intraductal tumor in the remnant pancreatic
head. This resulted in the intraductal tumor no longer being
detectable on CE-CT. The reported prognosis of patients who
have undergone resection of an MAEC is an 80% 1-year over-
all survival rate and 60% 3-year survival rate according to the
Kaplan–Meier method [14] . At a follow-up visit approximately
4 years after resection of the tumor and chemoradiotherapy,
the present patient was symptom-free and imaging studies
revealed no evidence of tumor recurrence. 
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Fig. 4 – Portal venous contrast-enhanced CT on follow-up 21 months postoperatively reveals well-circumscribed 56 ×17 mm 

mass with poor enhancement in the main pancreatic duct (arrowheads in a). The intraductal mass shows high signal 
intensity on T2-weighted images (arrowheads in b) and diffusion restriction on diffusion-weighted image (arrowheads in c) 
and apparent diffusion coefficient map (arrowheads in d). Positron emission tomography/computed tomography using 
18F-FDG of the intraductal mass shows a maximum standardized uptake value in the delayed-phase (4.0) (arrowheads in e) 
compared with the value in the early-phase (2.9) (arrowheads in f). 
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Fig. 5 – The intraductal mass in the remnant pancreatic head decreases in size from 56 × 17 mm to 25 × 5 mm on 

contrast-enhanced (CE) CT performed 1 month after completion of radiotherapy (arrowheads in a,b). After chemotherapy, 
the intraductal mass is no longer visible on CE-CT (arrowheads in c,d). 

 

 

 

 

 

 

 

Conclusions 

Pancreatic MAECs with growth into the pancreatic duct are
rare and few data on imaging findings have been published.
Both MAEC and ITPN should be considered in the differen-
tial diagnosis of an intraductal pancreatic mass showing poor
contrast enhancement and diffusion restriction. Further case
studies are required to clarify the imaging characteristics of
these rare tumors. 

Patient consent 

Informed written consent was obtained from the patient for
the publication of this report and any accompanying images. 
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