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Description
A Multimodality Review of Solid and Cystic Pancreatic Masses

The discovery of incidental asymptomatic pancreatic 
masses has gone up dramatically with the advent and in-
creasing accessibility of CT and MRI. 

It is imperative to understand the different imaging features 
and behaviors of these masses on CT and MRI to construct an 
appropriate differential diagnosis, as recommendations based 
on these masses are very different. Knowledge of the relevant 
clinical history and patient populations affected is also import-
ant to formulate an accurate diagnosis. It is also important to 
recognized pitfalls in diagnosing the masses, as there are both 
typical and atypical appearances.

There are also mimics of pancreatic masses that lead to 
unnecessary follow-up and workup, for which the radiol-
ogist should be aware. A multimodality approach is fre-
quently needed to narrow the differential diagnosis, though 
tissue sampling is usually required for a definitive diagnosis.
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•  Explain how different masses have typical imaging  

appearances on different modalities.
•  Elucidate and describe pitfalls in diagnosing pancreatic 

masses.
•  Use strategies to narrow down a differential diagnosis of 

solid and cystic masses in the pancreas based on imaging 
features in specific modalities and demographics, such 
as age and gender.
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Numerous solid and cystic pan-
creatic masses are encountered 
on cross-sectional imaging. 

Solid masses include pancreatic ade-
nocarcinoma, neuroendocrine tumors, 
and metastases. Some masses, such as 
pancreatic adenocarcinoma and neu-
roendocrine tumors, are typically solid 
but uncommonly may be cystic. Cystic 
pancreatic masses include pseudocyst, 
serous cystadenoma, mucinous cystad-
enoma, intraductal papillary mucinous 
neoplasm, and solid pseudopapillary 
tumor. Diagnosis may be aided by a mul-
timodality approach including multide-
tector CT, MRI, endoscopic ultrasound, 
single photon emission computed to-
mography (SPECT), and positron emis-
sion tomography (PET/CT). 

Solid masses 
Pancreatic adenocarcinoma  

Pancreatic adenocarcinoma is an 
aggressive neoplasm representing ap-
proximately 85-95% of pancreatic 
malignancies. Most patients are 60-80 

years of age, with males affected twice 
as often as females. Approximately 60-
70% of pancreatic adenocarcinomas 
are located in the pancreatic head. Pa-
tients may present with abdominal pain, 
weight loss, or jaundice. Surgery is the 
only potential cure, but unfortunately 
75% of patients present with unresect-
able disease.1  

When a pancreatic mass is sus-
pected, dual-phase (arterial and venous) 
contrast-enhanced CT or multiphase 
enhanced MRI is performed. Adenocar-
cinoma is typically most conspicuous 
on arterial phase images where it usu-
ally appears hypoattenuating relative to 
the enhancing pancreatic parenchyma. 
The arterial phase images are also used 
to assess for encasement of peripancre-
atic arteries (defined as tumor contact 
involving more than 180 degrees of 
vessel circumference). Venous phase 
images are optimal to evaluate for liver 
metastases and encasement or throm-
bosis of peripancreatic veins. Tumor in 
the pancreatic head may cause dilation 
of both the common bile duct and main 
pancreatic duct, creating a “double duct 
sign” (Figure 1). Approximately 5-11% 
of tumors may be isoattenuating to the 
pancreas on CT, in which case indirect 
findings may be helpful such as mass 

effect or abnormal convex contour of 
the pancreas, interruption of the pancre-
atic duct, dilation of the common bile 
and pancreatic duct, and atrophic distal 
pancreatic parenchyma.2 In addition, 
approximately 8% of pancreatic ade-
nocarcinomas have cystic features.3 On 
MRI, adenocarcinoma is typically de-
scribed as demonstrating low signal in-
tensity on T1- and T2-weighted images 
due to its fibrotic nature. However, the 
lesion can atypically be heterogenous 
or mildly hyperintense on T2-weighted 
imaging (Figure 1). 

The 2015 National Comprehensive 
Cancer Network guidelines describe the 
current criteria used to assess for tumor 
resectability.4 Important features to in-
clude in the radiology report include 
the size and location of the mass, the 
presence of pancreatic or biliary ductal 
dilation, degree of arterial and venous 
contact, the presence of venous throm-
bus, variant vascular anatomy, tumor 
invasion of local structures, and the 
presence of metastatic disease.5

Neuroendocrine tumors
Pancreatic neuroendocrine tumors 

(NETs) represent approximately 1-5% 
of pancreatic neoplasms.1 Most occur 
sporadically, but approximately 1% 
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to 2% are associated with familial syn-
dromes.6 Pancreatic NETs are catego-
rized as functioning or nonfunctioning 
tumors. Functioning tumors, which com-
prise approximately 15-52% of tumors, 
may produce symptoms related to excess 
hormone production. These include in-
sulinoma, gastrinoma, VIPoma, soma-
tostatinoma, and glucagonoma. Each 
of these tumors produces the hormone 
that is its namesake. The most common 
functioning NET is insulinoma. In gen-
eral, functioning tumors tend to present 
earlier in the course of disease when they 
are small due to the clinical effects of 
excess hormone production, while non-
functioning tumors present later due to 
mass effect. The risk of malignancy in-
creases with tumor size. Approximately 
90% of nonfunctioning tumors are ma-

lignant, while functioning tumors have 
variable malignancy rates.1

The imaging appearance of pan-
creatic NETs is variable. Smaller tu-
mors tend to homogeneously enhance 
on arterial phase images and may be 
hyper-, iso-, or hypoenhancing rela-
tive to the pancreatic parenchyma on 
venous phase images. Larger lesions 
may demonstrate cystic degeneration 
and calcification, with calcification 
seen in 20% of NETs.1 Cystic NETs 
tend to have a peripheral hypervascular 
rim (Figure 2).7 Pancreatic ductal ob-
struction is uncommon. On MRI, most 
NET’s have low signal intensity on T1-
weighted images and intermediate to 
high signal intensity on T2-weighted 
images.1 111 In-radiolabeled octreotide 
has high sensitivity for detecting NETs 

with the exception of insulinomas and 
poorly differentiated NETs. 

Pancreatic Metastases
Pancreatic metastases account for ap-

proximately 2-5% of all pancreatic ma-
lignancies. Renal cell carcinoma and lung 
carcinoma are the most common primary 
tumors that metastasize to the pancreas, 
followed by breast and colorectal carci-
nomas and melanoma.1 Metastases are 
more commonly solitary rather than mul-
tiple and have imaging features related to 
that of the primary tumor (Figure 3).

Cystic masses 
Serous cystadenoma

Serous cystadenomas are benign 
cystic neoplasms that comprise ap-
proximately 20% of pancreatic cystic 

FIGURE 1. 57-year-old male with a history of abdominal pain. (A) Axial T2 fat-saturated MR image of the “double duct sign.” There is dilation 
of the common bile duct (white arrow) and pancreatic duct (red arrow). (B) The ductal dilation is secondary to a poorly defined T2-hyperintense 
mass in the pancreatic head (white arrow). The mass was proven to represent pancreatic adenocarcinoma.

FIGURE 2. 81-year-old male with periumbilical pain, weight loss, and constipation. (A) Coronal contrast-enhanced CT demonstrates a partially 
solid and partially cystic mass with a hyperenhancing rim relative to the pancreatic parenchyma (arrow). There is a small peripheral coarse 
calcification. (B) Axial contrast-enhanced CT demonstrates similar findings (arrow). This mass was proven to represent a well-differentiated 
neuroendocrine tumor.
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lesions.8 Because approximately 75% 
occur in females with a mean age of 61, 
they are sometimes referred to as the 
“grandmother” lesion.9 Patients with 
von Hippel-Lindau disease may have 
multiple serous cystadenomas. How-
ever, this lesion can atypically occur in 
elderly males (Figure 4).

Serous cystadenomas typically have 
a microcystic appearance, consisting of 
multiple (>6) cystic locules, each less 
than 2 cm, lined by glycogen-rich epithe-
lial cells and separated by fibrous septa. 
On CT, serous cystadenomas usually 
have a lobular border, do not typically 
cause pancreatic or biliary ductal di-
lation, and displace rather than invade 
adjacent structures.10 A calcified cen-
tral scar is highly characteristic but only 
present in approximately 30% of patients 
(Figure 4).11  The presence of large num-
bers of microcysts may produce a solid 
appearance on CT.10 On MRI, the lesion 
appears as a cluster of small cysts, usu-
ally demonstrating simple fluid signal 
intensity, though occasionally showing 

T1-hyperintensity if there is hemor-
rhage. There is enhancement of the thin 
fibrous septa separating the cystic loc-
ules and the central scar. Calcification 
of the central scar may result in a signal 
void. There is no communication with 
the pancreatic duct.

The macrocystic or oligocystic vari-
ant of serous cystadenoma is uncom-
mon and difficult to distinguish from 
mucinous cystic neoplasm by imag-
ing.12 There is also an uncommon ag-
gressive subtype, with 5.1% locally 
aggressive and 0.8% malignant in one 
series.13 Thus, imaging surveillance of 
serous cystadenomas is recommended 
with surgical referral if the lesion is 
symptomatic or larger than 4 cm.14 

Mucinous cystic neoplasm 
(mucinous cystadenoma)

Mucinous cystic neoplasm (MCN) 
comprises 10% of pancreatic cystic 
neoplasms. It is sometimes referred 
to as the “mother lesion,” as approx-
imately 95% occur in women with a 

mean age of 44-48.9 However, patients 
with mucinous cystadenocarcinoma are 
usually older, with a mean age of 55-64, 
possibly reflecting progression from ad-
enoma to carcinoma.15,16

Most MCNs occur in the pancreatic 
body and tail. Pathologically, MCN is 
defined by the presence of ovarian-type 
stoma.15 MCN is a potentially malig-
nant lesion, but it has a low incidence 
of carcinoma (12% invasive carcinoma 
and 5.5% in-situ carcinoma) with no 
malignancy seen in MCNs < 4 cm with-
out mural nodules in one series.17 

On CT and MRI, MCN typically 
appears as a well-circumscribed, 
smoothly marginated, unilocular or 
mildly septated macrocystic lesion 
(usually less than 6 locules, each larger 
than 2 cm) (Figure 5). Enhancing mural 
nodules, septal thickening, and septal 
and mural calcification are predictors 
of malignancy. Although MCN is mu-
cin-filled, it usually demonstrates sim-
ple fluid signal intensity on MRI. MCN 
does not usually communicate with the 

FIGURE 3. 64-year-old female with a 6-month history of abdomi-
nal discomfort and 10-lb. weight loss originally found to have pan-
creatic tail neuroendocrine tumor. (A) Axial Octreoscan SPECT/
CT demonstrates the pancreatic tail neuroendocrine tumor and 
two hepatic metastases. No other metastasis was visualized. (B) 
Axial CT performed 1.5 months later shows the enhancing neuro-
endocrine tumor with associated calcification in the pancreatic tail 
(arrow) and a heterogeneous metastasis in the pancreatic body 
(red arrow). Hepatic metastases are again seen. (C) Intraoperative 
ultrasound image demonstrates the pancreatic body metastasis.
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pancreatic duct.18 MCN is typically a 
solitary lesion, so if additional cystic 
pancreatic lesions are present, intra-
ductal papillary mucinous neoplasm or 
pseudocyst should be considered as an 
alternative diagnosis. Surgical resection 
is recommended in all surgically fit pa-
tients given the malignant potential of 
MCN and the relatively young age of 
most patients.19

Intraductal papillary mucinous 
neoplasm

Intraductal papillary mucinous neo-
plasms (IPMNs) comprise about 20% 
of pancreatic cystic lesions, are usually 
diagnosed in patients between 60 and 
70 years old, and occur slightly more 

frequently in men.9,20 They are ductal 
epithelial neoplasms of mucin produc-
ing cells usually with papillary intra-
ductal projections. Involved ducts are 
variably dilated and filled with mucin. 
IPMNs can show low-grade, interme-
diate-grade, or high-grade dysplasia or 
invasive carcinoma. Different grades 
of dysplasia can be seen within one le-
sion, which suggests the development 
of dysplasia from a lower to a higher 
grade.20 

IPMNs are classified as side-branch 
IPMN, main-duct IPMN, or mixed 
IPMN involving both the main and 
side branches. Main duct IPMNs are 
more commonly malignant, with ap-
proximately 43% containing invasive 

carcinoma, while approximately 18% 
of side-branch IPMNs contain invasive 
carcinoma.19 Approximately 20-40% of 
IPMNs are multifocal.20

CT and MR evaluation of a main-
duct IPMN shows diffuse or segmen-
tal dilation of the main pancreatic duct 
(Figure 6). Mural nodules, foci of in-
traductal mucin, or a dilated major or 
minor papilla protruding into the duo-
denal lumen may be seen. Pancreatic 
parenchymal atrophy may also be pres-
ent. Side-branch IPMNs may be uniloc-
ular or multilocular with a macrocystic 
or microcystic appearance. Communi-
cation with the pancreatic duct is often 
demonstrated, particularly on MRI, and 
is a key imaging feature.21 

FIGURE 4. 70-year-old male with a history of prostate cancer presenting for follow-up. (A) Unenhanced axial CT demonstrates a large lobulated 
cystic mass with a partially calcified stellate central soft tissue scar (arrow) arising from the head and proximal body of the pancreas, consistent 
with serous cystadenoma. This was subsequently confirmed on biopsy. Note atypical demographics of the patient for this lesion. (B) Coronal 
T2-weighted image demonstrates a lobulated, multilocular cystic mass with central T2-hypointensity reflecting the scar component (arrow). 
There was no pancreatic ductal dilation.

FIGURE 5. 76-year-old asymptomatic woman found to have a slow growing cystic focus in pancreatic tail on chest CT. (A) Axial T2 –weighted, 
fat-saturated image shows a cystic focus in the pancreatic tail with no mural nodularity or ductal dilatation (arrow). (B) Axial contrast-enhanced 
MRI image shows a nonenhancing focus in the pancreatic tail (arrow). This lesion was proven to represent a mucinous cystadenoma.

A

A

B

B



www.appliedradiology.com                                                APPLIED RADIOLOGY
©

        n       15August  2018

A MULTIMODALITY REVIEW OF SOLID AND CYSTIC PANCREATIC MASSES A MULTIMODALITY REVIEW OF SOLID AND CYSTIC PANCREATIC MASSES SA-CME

Management of side-branch IPMNs 
is based on the presence of high risk 
stigmata (obstructive jaundice, enhanc-
ing solid component, or main pancreatic 
duct at least 10 mm in size) or worrisome 
features (pancreatitis, cyst at least 3 cm 
in size, thickened/enhancing cyst walls, 
main duct size 5-9 mm, nonenhancing 
mural nodule, or abrupt change in pan-
creatic duct caliber with distal pancreatic 

atrophy). Because of the higher inci-
dence of invasive cancer in main-duct 
IPMNs, surgical resection is recom-
mended for all surgically fit patients.19

Solid pseudopapillary tumor
Solid pseudopapillary tumor (SPT) 

represents approximately 5% of pan-
creatic cystic lesions and almost exclu-
sively occurs in young females, with a 

male to female ratio of 1:20 and a mean 
age of 25 years old 9; for this reason, it 
is sometimes referred to as the “daugh-
ter lesion.”  SPTs have low malignant 
potential with more than 80% cured 
by surgical resection.9 SPTs typically 
are large, slow-growing masses, which 
show internal hemorrhagic and cys-
tic degeneration. The classic CT ap-
pearance is a large well-encapsulated 

FIGURE 6. 70-year-old female with a history of pseudocyst gastrostomy in 
the 1970s at which time a pancreatic cyst was “unroofed and drained.” A 
cystic lesion was found on CT of the abdomen from 2002 and followed for a 
number of years. (A) Contrast-enhanced axial CT from 2002 demonstrates 
a cystic lesion in the pancreatic body (arrow). There was associated mild 
main pancreatic ductal dilatation (not shown). (B) Contrast-enhanced axial 
CT from 10 years later again demonstrates a cystic lesion in the pancreatic 
body, though with more irregular margins (arrow). (C) Contrast-enhanced 
coronal CT also from 10 years later shows the cystic lesion in the pancre-
atic body with irregular margins (white arrow) and associated pancreatic 
ductal dilatation (red arrow). This was proven to represent intraductal pap-
illary mucinous neoplasm (IPMN) involving the main duct with noninvasive 
low-grade dysplasia in the head and body of the pancreas.
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FIGURE 7. 34-year-old female with a history of breast cancer and an incidental pancreatic tail lesion seen on metastatic workup. (A) Con-
trast-enhanced coronal CT demonstrates a heterogeneous mass in the pancreatic tail (arrow). (B) Axial T1-weighted, fat-saturated MR 
image demonstrates a heterogeneous well-defined mass (arrow) with internal hemorrhage (red star) arising from the pancreatic tail. (C) Axial 
T2-weighted MR image demonstrates a heterogeneous mass in the pancreatic tail (arrow) with T2-hypointense areas corresponding to internal 
hemorrhage. This mass was shown to represent a solid pseudopapillary tumor on pathology.
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mass with solid and cystic components 
(Figure 7).22 Peripheral calcification 
is present in approximately 30% of 
cases. SPT’s are typically well-defined 
on MRI with variable signal intensity. 
Areas of increased T1 signal intensity 
are commonly seen due to hemorrhagic 
degeneration, and a fluid-fluid level is 

detected in 10-18% of cases related to 
the hematocrit effect. There may be a 
thick, low signal pseudocapsule on T1- 
and T2-weighted images. Enhanced 
images show early peripheral hetero-
geneous enhancement and progressive 
nonuniform enhancement on more de-
layed images.23

Pseudocyst
Pancreatic pseudocyst is the most 

common pancreatic cystic lesion. 
Pseudocysts are encapsulated by fi-
brous tissue without epithelium and 
usually form after inflammation, necro-
sis, or hemorrhage related to pancreati-
tis or trauma. The imaging appearance 

FIGURE 9. 35-year-old female with right lower quadrant 
abdominal pain. (A) Contrast-enhanced axial CT demon-
strates a heterogeneously hypoattenuating mass which 
appears to arise from the mid pancreatic body, abutting the 
posterior gastric body (arrow). (B) Coronal contrast-enhanced 
CT image demonstrates similar findings (arrow). (C) Axial 
T2-weighted, fat-saturated MRI image again shows a mass 
thought to be arising from the pancreas. However, at surgery 
the mass was proven to represent a gastrointestinal stromal 
tumor (GIST) arising from the stomach.

FIGURE 8. A 48-year-old male with a history of pancreatitis presenting with elevated lipase and amylase. (A) Axial venous phase CT image demon-
strates three adjacent cystic lesions in the pancreas (asterisks), consistent with pseudocysts in a patient with a history of pancreatitis. (B) Axial 
T2-weighted MRI image obtained four and a half years later shows resolution of pseudocysts with resultant pancreatic atrophy and ductal dilation.
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may vary based upon the age or con-
tents of the pseudocyst. On CT, pseudo-
cysts are usually unilocular round or 
oval fluid collections surrounded by a 
wall of variable thickness (Figure 8). 
Importantly, although the wall may en-
hance, there are no internal enhancing 
solid components. On MRI, pseudo-
cysts may demonstrate simple fluid sig-
nal or increased signal on T1-weighted 
images if there are hemorrhagic or 
proteinaceous contents. There may be 
associated findings of acute or chronic 
pancreatitis, including peripancreatic 
inflammation, parenchymal calcifica-
tions or atrophy, and ductal dilation. 
Pseudocysts can often be treated con-
servatively, though drainage may be 
required in the setting of gastric outlet 
obstruction, biliary ductal obstruction, 
or infection.21

Revised Atlanta Classification of 
pancreatic fluid classifications has been 
recently published and defines a pancre-
atic pseudocyst as a fluid collection per-
sisting greater than four weeks after a 
diagnosis of interstitial edematous pan-
creatitis. A fluid collection persisting 
greater than four weeks after necrotiz-
ing pancreatitis is recognized as walled 
off necrosis in the revised classification.

Mimics:  Multiple lesions can mimic 
primary pancreatic masses, such as du-
odenal diverticula, accessory splenules 
in the pancreatic tail, retroperitoneal 
masses, or masses arising exophytically 
from adjacent organs (Figure 9). 

Conclusion
Multiple solid and cystic pancreatic 

lesions are encountered on cross-sec-
tional imaging. Knowledge of the 
typical imaging features, relevant clin-
ical history, and patient populations 
affected is imperative to formulate an 
accurate diagnosis. Familiarity with 
CT and MRI appearance of pancreatic 

lesions is essential as entities listed in 
the differential diagnoses can change 
the clinical approach and prognosis. A 
multimodality approach is frequently 
needed to narrow the differential diag-
nosis, though tissue sampling is usually 
required for a definitive diagnosis.
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