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Solid lesions of the pancreas represent a heterogeneous group of enti-
ties that can be broadly classified as either neoplastic or nonneoplas-
tic. Neoplastic lesions include pancreatic adenocarcinoma, pancreatic 
neuroendocrine tumor, solid pseudopapillary tumor, pancreatoblas-
toma, pancreatic lymphoma, metastases to the pancreas, and rare 
miscellaneous neoplasms. Nonneoplastic lesions include focal pancre-
atitis, fatty infiltration-replacement, intrapancreatic accessory spleen, 
congenital anomalies such as prominent pancreatic lobulation and bi-
fid pancreatic tail (pancreatic bifidum), and rare miscellaneous lesions 
(eg, pancreatic sarcoidosis, Castleman disease of the pancreas). A vari-
ety of imaging modalities are available for assessing these solid lesions, 
including ultrasonography (US), computed tomography (CT), mag-
netic resonance imaging, endoscopic US, and hybrid nuclear imaging 
techniques such as single photon emission computed tomography–CT 
and positron emission tomography–CT, each of which has its own 
strengths and limitations. Accurate diagnosis can be challenging, and 
use of a multimodality imaging approach is often helpful in equivocal 
or complex cases. Knowledge of relevant clinical information and key 
radiologic features is essential for confident lesion characterization and 
differentiation.
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 ■ Identify the imag-
ing features of vari-
ous solid pancreatic 
lesions.

 ■ Discuss clinical 
information that can 
aid in the diagnosis 
of neoplastic and 
nonneoplastic solid 
lesions of the pan-
creas.

 ■ Describe clinical 
and imaging fea-
tures that can help 
distinguish pancre-
atic adenocarcinoma 
from other pancre-
atic lesions.
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Introduction
Solid lesions of the pancreas, broadly classified as 
neoplastic and nonneoplastic lesions, are increas-
ingly encountered in the course of routine radiol-
ogy practice due to escalating imaging volumes 
and greater diagnostic capabilities of contempo-
rary imaging techniques. Solid pancreatic lesions 
may be detected at imaging as an expected find-
ing in patients who undergo work-up for clini-
cally suspected pancreatic disease. However, a 
significant number of these lesions are discovered 
incidentally at imaging performed for an unre-
lated clinical indication (1). Accurate and timely 
imaging diagnosis is essential because it facilitates 
patient triage, guides clinical management, and 
helps determine patient prognosis. Some lesions 
require surgery or follow-up imaging, whereas 
others are clinically insignificant and require no 
further action. Technologic advances in imag-
ing, such as multisection computed tomography 
(CT), magnetic resonance (MR) imaging, endo-
scopic ultrasonography (US), and hybrid nuclear 
imaging techniques (eg, single photon emission 
computed tomography [SPECT]/CT and posi-
tron emission tomography [PET]/CT), allow 
solid pancreatic lesions to be characterized on the 
basis of morphologic, hemodynamic, and meta-
bolic findings. Use of a multimodality approach 
combines the strengths of individual imaging mo-
dalities and has a synergistic effect in improving 
diagnostic yield. Such an approach is especially 
helpful in equivocal or complex cases.

In this article, we review solid lesions of the 
pancreas in terms of relevant clinical information 
and key radiologic features that allow confident 
lesion characterization and differentiation from 
other disease entities.

Neoplastic Solid Lesions

Pancreatic Adenocarcinoma
Pancreatic adenocarcinoma accounts for 85%–
95% of all pancreatic malignancies and is the 
fourth leading cause of cancer-related deaths 
(2). Most patients are 60–80 years of age, and 
males are affected twice as often as females (2). 
Of these tumors, 60%–70% are located in the 
pancreatic head, 10%–20% in the body, and 
5%–10% in the tail. Diffuse glandular involve-
ment occurs in 5% of cases. Abdominal pain, 
weight loss, and jaundice are the main presenting 
complaints but generally occur late in the disease 
course. Prognosis is poor, with a 1-year survival 
rate of less than 20% and a 5-year survival rate of 

less than 5% (3). Nonresectable disease is seen 
at presentation in 75% of patients, with metas-
tases (mainly to the liver and peritoneum) pres-
ent in 85% of these patients (2). Surgery is the 
only cure, with a postoperative 5-year survival 

Table 1 
NCCN Practice Guidelines in Oncology:  
Criteria for Defining the Resectability Status 
of Pancreatic Adenocarcinoma

Resectable
No distant metastases
No SMV or PV abutment, distortion, tumor 

thrombus, or venous encasement
Clear fat planes around the CA, SMA, and HA

Borderline resectable
No distant metastases
Venous involvement of the SMV or PV consisting 

of tumor abutment with or without impinge-
ment and narrowing of the vessel lumen

Encasement of the SMV or PV but without 
encasement of the nearby arteries

Short-segment venous occlusion resulting from 
either tumor thrombus or encasement but 
with suitable vessel proximal and distal to the 
area of tumor involvement, allowing safe resec-
tion and reconstruction

Gastroduodenal artery encasement up to the 
HA with either short-segment encasement or 
direct abutment of the HA, without extension 
to the CA

Tumor abutment of the SMA ≤ 180° of the 
circumference of the vessel wall

Unresectable
Pancreatic head

Distant metastases
SMA encasement >180°, any CA abutment
Unreconstructible occlusion of the SMV or PV
Aortic invasion or encasement

Pancreatic body
Distant metastases
SMA or CA encasement >180°
Unreconstructible occlusion of the SMV or PV
Aortic invasion

Pancreatic tail
Distant metastases
SMA or CA encasement >180°

Nodal status 
Metastases to lymph nodes beyond the field of 

resection

Source.—Reference 4.
Note.—CA = celiac axis, HA = hepatic artery, 
NCCN = National Comprehensive Cancer Net-
work, PV = portal vein, SMA = superior mesen-
teric artery, SMV = superior mesenteric vein.
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Figure 2. Unresectable adenocarcinoma with vas-
cular invasion and liver metastases in a 72-year-old 
man with abdominal pain, weight loss, and jaundice. 
Postcontrast portal phase CT scan shows encasement 
of the celiac axis and occlusion of the portal vein by a 
diffuse, hypoattenuating pancreatic tumor (curved ar-
row). Multiple ill-defined hypoattenuating liver metas-
tases (straight arrow) are also present.

Figure 1. Adenocarcinoma in a 78-year-old man with a 3-week history of increasing weakness, abdominal pain, 
and jaundice. (a) Coronal postcontrast portal phase CT scan shows an isoattenuating tumor (straight arrow) in the 
pancreatic head causing proximal dilatation (arrowhead) and abrupt distal narrowing (curved arrow) of the common 
bile duct (CBD). (b) Axial postcontrast portal phase CT scan shows the double duct sign—simultaneous dilatation 
of the MPD (straight arrow) and CBD (curved arrow)—due to an obstructing mass. Intrahepatic ductal dilatation 
(arrowhead) is also present.

rate of 20% (2). Accurate detection and staging 
are essential for ensuring appropriate selection 
of patients who will benefit from surgery and for 
preventing unnecessary surgeries in patients with 
unresectable disease. The criteria for defining the 
resectability status of pancreatic adenocarcinoma 
are shown in Table 1 (4).

High-resolution dual-phase (arterial and 
portal) contrast material–enhanced CT is the 
established technique for evaluating pancreatic 
adenocarcinoma. Arterial phase imaging (per-
formed 20–40 seconds after contrast agent injec-
tion) allows optimal visualization of the tumor 
and peripancreatic arteries. Maximal contrast 
between the hypovascular tumor and the normal 
pancreas yields optimal tumor conspicuity in this 
phase. Most tumors are hypoattenuating, with a 
mean size of 3 cm (range, 1.5–10 cm; average size 
in the pancreatic head, 2.5–3 cm; average size in 
the body and tail, 5–7 cm) (2). Portal phase im-
aging (performed 50–70 seconds after injection) 
is optimal for detecting metastatic disease to the 
liver and for assessing the peripancreatic veins. 
No pancreatic mass is visualized in 10% of cases, 
since the tumor may be isoattenuating (Fig 1a) 
(3). The presence and location of a mass may be 
inferred from secondary signs such as mass effect, 
an abnormal convex contour of the pancreas, 
ductal obstruction, and vascular invasion (2,3). 
Tumors in the pancreatic head may cause dilata-
tion of both the CBD and the main pancreatic 
duct (MPD), known as the “double duct sign” 
(Fig 1b), whereas tumors in the pancreatic body 
may cause upstream MPD dilatation. Atrophy of 
the pancreas proximal to the tumor is noted in 
chronic obstruction. A circumferential soft-tissue 
cuff around the peripancreatic vessels with loss of 
the perivascular fat plane denotes vascular inva-
sion (Fig 2). A sensitivity of 84% and a specificity 
of 98% for invasion are reported if the tumor is 
contiguous with more than 50% of the vessel cir-
cumference (5). Other features suggesting vascu-
lar invasion include vessel deformity, thrombosis, 
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Figure 4. Peritoneal metastases in the same patient as 
in Figure 3. Postcontrast arterial phase CT scan shows 
multiple round (curved arrow) and ovoid (straight ar-
row) peritoneal metastases.

Figure 3. Adenocarcinoma with extensive cystic-
necrotic degeneration in a 58-year-old man with pro-
gressive weight loss and jaundice. Postcontrast arterial 
phase CT scan shows a large exophytic tumor in the 
pancreatic head with solid (straight arrow) and cystic-
necrotic (curved arrow) components.

and development of collateral vessels. The “tear-
drop sign” refers to an alteration of the superior 
mesenteric vein from its normal round shape 
to a teardrop shape on axial images secondary 
to tumor infiltration or peritumoral fibrosis (6). 
Cystic-necrotic degeneration, an uncommon 
feature of adenocarcinoma, is present in 8% of 
cases (Fig 3) (7). Metastases are most commonly 
found in the liver (Fig 2) and peritoneum (Fig 4). 
CT has an accuracy of 85%–95% for tumor de-
tection, a positive predictive value of 89%–100% 
for unresectability, and a negative predictive value 
of 45%–79% for resectability (3).

Adenocarcinoma has low signal intensity on 
T1- and T2-weighted MR images secondary to 
its scirrhous fibrotic nature. As at CT, the hypo-
vascular tumor enhances less than the normal 
pancreas at MR imaging, although a thin peri-
tumoral rim of greater enhancement is often ob-
served, which may help establish disease focality. 
MR imaging has better contrast resolution than 
CT and is superior in detecting small tumors 
and metastases. The accuracy of MR imaging in 
the detection and staging of adenocarcinoma is 
90%–100% (8).

Endoscopic US, a high-resolution imaging 
method, has a recognized role in the detection 
and staging of small tumors. It can help detect 
masses as small as 0.2–0.3 cm. Endoscopic US 
can clarify equivocal findings at CT or MR 
imaging and allows biopsy of suspect lesions. 
Adenocarcinoma appears as an ill-defined, het-
erogeneous hypoechoic mass at endoscopic US 
(Fig 5). DeWitt et al (9) found endoscopic US 
to be more sensitive than CT in detecting adeno-
carcinoma (98% versus 86%) and more accurate 
in tumor staging (67% versus 47%). However, 
endoscopic US does have certain limitations. It is 
highly operator dependent, with a relatively steep 
learning curve. It is also characterized by a nar-
row field of view, so that it is limited in the as-
sessment of locoregional invasion or involvement 
of vessels other than the portal vein.

PET is an emerging technique for character-
izing tissue on the basis of functional rather than 
morphologic information. The principle of 2-[flu-
orine-18]fluoro-2-deoxy-d-glucose (FDG) PET 
is that malignant tissues have greater uptake and 
retention of FDG than does normal tissue due 

to enhanced glucose metabolism. Pancreatic ad-
enocarcinoma generally shows intense focal FDG 
uptake (Fig 6). In a study of 74 patients with a 
pancreatic mass, Inokuma et al (10) prospectively 
compared the performance of FDG PET with 
that of CT, transabdominal US, and endoscopic 
US in the diagnosis of adenocarcinoma. They 
found that the sensitivity and specificity of FDG 
PET (96% and 78%, respectively) were superior 
to those of CT (91% and 56%), transabdominal 
US (91% and 50%), and endoscopic US (96% 
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Figure 6. Adenocarcinoma in a 78-year-old man 
(same patient as in Figure 1). Coronal fused FDG PET/
CT image shows the tumor with hypermetabolic focal 
FDG uptake (arrow).

Figure 5. Adenocarcinoma with the double duct 
sign. Endoscopic US image shows an ill-defined, het-
erogeneous hypoechoic tumor (arrow) in the pancre-
atic head causing obstruction of the MPD and CBD. 
(Courtesy of Gurpal Sandha, MD, University of Al-
berta Hospital, Edmonton, Alberta, Canada.)

and 67%). In an analysis of six studies, Berberat 
et al (11) found that PET had an accuracy of 
85%–93%, a sensitivity of 85%–100%, and a 
specificity of 84%–93% in the detection of ad-

enocarcinoma. The biggest potential impact of 
FDG PET is in the detection of small metastases, 
an area in which CT (45%–79% negative predic-
tive value for resectability) and MR imaging gen-
erally underperform. Frohlich et al (12) found 
that FDG PET helped detect 97% of liver me-
tastases larger than 1 cm and 43% of metastases 
smaller than 1 cm, with a specificity of 95%. The 
recent development of hybrid scanners for PET/
CT, a combined physiologic-anatomic modality, 
will enhance the diagnostic capabilities of PET in 
the characterization of pancreatic masses.

False-positive and false-negative cases repre-
sent limitations of FDG PET. Tumor detection 
at FDG PET depends on both tumor size and 
the degree of tumor-to-background FDG up-
take. Underestimation of uptake may occur in 
small tumors due to partial volume averaging 
and in tumors that are located adjacent to areas 
of physiologic uptake. Ampullary tumors are an 
example of this phenomenon, due to their small 
size at the time of clinical presentation and their 
proximity to FDG-avid bowel. False-negative 
cases may occur in mucinous tumors (reduced 
uptake due to tissue hypocellularity); necrotic tu-
mors containing minimal viable tissue; peritoneal 
metastases smaller than 1 cm; and patients with 
hyperglycemia, in whom there is reduced uptake 
due to competitive inhibition. False-positive cases 
may occur in inflammatory tissue due to mild 
to moderate uptake by inflammatory mediators, 
fibroblasts, and granulation tissue. This uptake 
may be seen in pancreatitis following recent ra-
diation therapy, at sites of recent surgical incision 
and biopsy, and around CBD stents.

Pancreatic Neuroendocrine Tumor
Pancreatic neuroendocrine tumors (NETs), a 
subset of gastroenteropancreatic NETs accord-
ing to the World Health Organization classifica-
tion system, were previously referred to as islet 
cell tumors because they were thought to have 
originated from the islets of Langerhans. How-
ever, new evidence suggests that these tumors 
originate from pluripotential stem cells in ductal 
epithelium (13). They account for 1%–5% of all 
pancreatic tumors, have equal gender distribu-
tion, and typically manifest in patients aged 51–57 
years. Most cases are sporadic, but association 
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Figure 8. Malignant NET with liver metastases in 
a 53-year-old man with general malaise. Postcontrast 
arterial phase CT scan shows a heterogeneous hypoat-
tenuating tumor in the pancreatic head containing 
punctate foci of calcification (straight arrow). A large, 
hypervascular ring-enhancing metastasis (curved ar-
row) is seen in segment VI of the liver.

Figure 7.  Malignant NET with cystic-necrotic de-
generation in a 69-year-old man with obstructive jaun-
dice. Postcontrast portal phase CT scan shows a large 
tumor (arrow) in the uncinate process with extensive 
cystic-necrotic degeneration and a thick enhancing 
wall. (Courtesy of Iain Birchall, MD, University of Al-
berta Hospital, Edmonton, Alberta, Canada.)

with syndromes such as multiple endocrine neo-
plasia type 1, von Hippel–Lindau syndrome, neu-
rofibromatosis type 1, and tuberous sclerosis has 
been observed. NETs are classified into function-
ing and nonfunctioning tumors. Functioning tu-
mors produce symptoms related to excessive hor-
mone production. They account for 15%–52% of 
all tumors (14) and are subdivided according to 
the hormones they produce. The features of both 
functioning and nonfunctioning NETs are pre-
sented in Table 2.

A variety of imaging appearances exist. Tu-
mors tend to be multiple, especially when associ-
ated with syndromes such as multiple endocrine 
neoplasia type 1 and von Hippel–Lindau syn-
drome. Single lesions are seen in 90% of insuli-
nomas, whereas multiple lesions are present in 
20%–40% of gastrinomas. Tumor size is variable. 
In general, functioning tumors manifest early in 
the course of disease when they are small, due to 
the clinical manifestations of excessive hormone 
production. Nonfunctioning tumors manifest 
when they are large, due to mass effect. Risk of 
malignancy increases with tumor size (especially 
in tumors >5 cm), with 90% of nonfunctioning 
tumors being malignant at presentation (14). 
Tumor morphologic features are also variable. 
Small tumors are generally solid and homoge-
neous, whereas larger tumors are heterogeneous 
and may show cystic-necrotic degeneration (Fig 
7) and calcification (Fig 8) (14). Malignant tu-
mors may show features of local spread, vascular 
invasion, lymph node involvement, and organ 
metastases.

 NETs share some common distinguishing 
features. At MR imaging, these tumors generally 
have longer T1 and T2 relaxation times than do 
the normal pancreas and most other pancreatic 
neoplasms. Consequently, relative to the normal 
pancreas, most NETs have low signal intensity 
on T1-weighted MR images and intermediate to 

high signal intensity on T2-weighted images. The 
most distinctive feature of NETs is their behavior 
at contrast-enhanced imaging. NETs have a rich 
vascular supply and therefore enhance avidly dur-
ing the arterial phase, enhancing more rapidly 
and intensely than the normal pancreas (Fig 9a, 
9b) (14). Homogeneous enhancement is typical 
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Table 2 
Features of Pancreatic NETs

Tumor* Malignancy Location Signs and Symptoms Survival

Functioning tumors 
 (15%–52%)
Insulinoma (50%)  
 [<2 cm, 90% of  
 cases; <1.5 cm,  
 66%; <1 cm, 40%]

10% are  
malignant

90% are in the pancreas, 
equal glandular distri- 
bution

Hypoglycemic at-
tacks, atypical 
seizures

Generally 100% 
after resection

Gastrinoma (20%)  
[mean, 4 cm]

60% are 
malignant, 
metastases 
seen in up  
to 60%

25%–60% are in the 
pancreas; 90% occur in 
the gastrinoma triangle 
(junction between the 
bile duct and cystic 
duct superiorly, pancre-
atic body medially, and 
duodenum inferiorly)

Zollinger-Ellison 
syndrome with 
peptic ulceration 
and diarrhea

10-year survival 
rate of 90% 
following com-
plete resection

Glucagonoma (1%) 
[most commonly  
2–6 cm]

70% are 
malignant, 
metastases 
seen in up  
to 60%

>90% are in the pancre-
as, with a predilection 
for the body and tail

Necrolytic migra- 
tory erythema, 
weight loss, dia-
betes, diarrhea

More favorable 
with complete 
resection, 
prolonged even 
with liver me-
tastases

Vipoma (3%)  
[mean, 5 cm]

Up to 75% are 
malignant, 
metastases 
seen in up  
to 70%

90% are in the pancreas 
(most commonly the 
tail), 10%–20% are 
extrapancreatic (most 
commonly in the retro-
peritoneal sympathetic 
chain and adrenal 
glands)

Werner-Morrison 
syndrome with 
watery diarrhea 
and hypokalemia

5-year survival 
rate of 95% 
following 
complete resec-
tion (60% in 
patients with 
metastases)

Somatostatinoma  
(<1%) [often >5 
cm]

50% are 
malignant, 
metastases 
seen in up  
to 50%

50% are in the pancreas 
and 50% in the duo-
denum

Gallstones, weight 
loss, diarrhea,  
steatorrhea,  
diabetes

5-year survival 
rate of 95% 
following 
complete resec-
tion (60% in 
patients with 
metastases)

Nonfunctioning  
tumors (15%–50%) 
[>10 cm in 30% of  
cases; range, 3–24  
cm]

90% are ma-
lignant, me-
tastases seen 
in up  
to 50%

Predilection for the pan-
creatic head

Abdominal pain 
and distention, 
jaundice, weight 
loss, gastroin-
testinal bleeding 
from splenic vein 
compression†

5-year survival 
rate >50% fol-
lowing com-
plete resection

*Numbers in parentheses indicate percentage of all pancreatic NETs. Tumor size in brackets. 
† Signs and symptoms of nonfunctioning tumors are caused by mass effect.
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Figure 9. Malignant NET with liver and lymph node metastases in a 66-year-old woman with obstructive jaun-
dice. (a) Coronal T2-weighted MR image shows a tumor (straight arrow) in the pancreatic head with internal cystic-
necrotic degeneration (*) causing dilatation of the CBD (curved arrow) and intrahepatic duct (arrowhead). (b) Axial 
postcontrast arterial phase T1-weighted MR image shows the tumor with heterogeneous hyperenhancement (arrow). 
(c) Axial T2-weighted MR image shows a heterogeneously hyperintense portocaval lymph node metastasis (arrow). 
(d) Axial postcontrast arterial phase T1-weighted MR image shows heterogeneous enhancement of the portocaval 
lymph node metastasis (straight arrow) and a small ring-enhancing liver metastasis (curved arrow), which was detected 
only after contrast material administration. The liver and lymph node metastases demonstrate hyperenhancement 
similar to that of the primary tumor.

for small tumors less than 2 cm, whereas larger 
lesions tend to show heterogeneous enhance-
ment, which can be ringlike (14). Capturing this 
vascular blush is essential for the diagnosis of 
small tumors such as insulinoma, which often do 
not distort the contour of the pancreas. During 
the portal phase, tumors may be either hyper-, 
iso-, or hypoenhancing relative to the normal 
pancreas. Some tumors demonstrate atypical 
delayed enhancement and are best appreciated at 
portal phase imaging (14). Metastases to lymph 

nodes and solid organs such as the liver may 
have an enhancement pattern similar to that of 
the primary tumor (Fig 9c, 9d). For clinically 
suspected NET, high-resolution dual-phase CT 
or MR imaging should be performed for optimal 
tumor detection, characterization, and staging. 
Gouya et al (15) found that thin-section biphasic 
CT, non-thin-section biphasic CT, and sequential 
CT had sensitivities of 94.4%, 57%, and 28.6%, 
respectively, in the diagnosis of insulinoma. MR 
imaging has a sensitivity of 85%–94% (16,17).

Endoscopic US and indium 111 (111In) octreo-
tide SPECT/CT play a role in the evaluation of 
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Figure 11. Malignant NET in a 42-year-old man 
with multiple endocrine neoplasia type 1 syndrome. 
Coronal fused FDG PET/CT image shows a tumor of 
the uncinate process with hypermetabolic focal uptake 
(arrow). Physiologic uptake is demonstrated elsewhere 
in the image. A diagnosis of pancreatic NET was con-
firmed at contrast-enhanced CT.

Figure 10.  NET in a 69-year-old man with presyn-
copal episodes and atypical chest discomfort. Axial 
fused 111In octreotide SPECT/CT image shows a small 
tumor of the pancreatic body and tail with high focal 
uptake (arrow). Physiologic low-grade uptake is seen in 
the liver and spleen.

NETs. In the study by Gouya et al (15), the sen-
sitivity of endoscopic US for diagnosing insuli-
noma was 93.8%, and the sensitivity of combined 
thin-section dual-phase CT and endoscopic US 
was 100%. 111In-radiolabeled octreotide (soma-
tostatin analog) is taken up by somatostatin re-
ceptors 2 and 5, which are found in most NETs 

but not in insulinoma (Fig 10). The sensitivity 
and specificity of 111In octreotide imaging for 
detecting functional pancreatic NETs (except 
insulinoma) are 90% and 80%, respectively (18). 
Insulinomas rarely express somatostatin recep-
tors, thus limiting the sensitivity of 111In octreo-
tide imaging in their detection to 10%–50% (18). 
The use of SPECT/CT improves image interpre-
tation by providing better attenuation correction, 
increased specificity, more accurate localization 
of disease, and clarification of adjacent organ 
involvement. In practice, the main advantage of 
octreotide imaging is that it allows whole-body 
scanning for the detection of small tumors and 
metastases, including in areas that are not under 
clinical suspicion. FDG PET may have a role in 
the assessment of poorly differentiated NETs, 
which are generally octreotide negative. These 
tumors exhibit increased uptake at FDG PET 
(Fig 11) because they have a high proliferative 
rate, unlike well-differentiated tumors, which 
show poor uptake due to low proliferative rates.

It is important to differentiate NETs from 
other tumors of the pancreas, particularly adeno-
carcinoma, since the prognoses (NET patients 
have a better prognosis) and treatment options 
differ. Several criteria can aid in differentiating 
NET from adenocarcinoma (14).

1. Enhancement. Adenocarcinoma is a hy-
povascular tumor, whereas NET is generally 
hypervascular.

2. Calcification. Only 2% of adenocarcinomas 
show calcification, compared with 20% of NETs.

3. Vascular involvement. Adenocarcinomas are 
associated with vascular encasement, whereas 
malignant NETs may show vascular infiltration 
with tumor thrombus.

4. Ductal involvement. Adenocarcinoma has 
a high propensity for ductal obstruction, but this 
finding is uncommon in NET.

5. Central necrosis and cystic degeneration. 
These findings are more common in NETs than 
in adenocarcinomas.

Solid Pseudopapillary Tumor
First described in 1959 by Franz (19), solid 
pseudopapillary tumor (SPT) has been called 
by many different names, including solid cystic 
papillary epithelial tumor, papillary cystic tumor, 
and solid and cystic tumor. In 1996, the World 
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Health Organization renamed it solid pseudo-
papillary tumor (20). SPT accounts for 1%–2% 
of all pancreatic tumors. It is most common in 
females (9:1 female predilection), young adults 
(mean age, 25 years; range, 10–74 years) (21), 
and African and Asian individuals. SPT has a low 
malignant potential with an excellent prognosis 
following complete resection. Metastases are un-
common, occurring in 7%–9% of cases, mostly 
to the liver, omentum, and peritoneum (22). The 
most common presenting complaints are pain 
and an abdominal mass, although SPT may be 
asymptomatic in up to 15% of cases.

SPT is typically a large (mean, 9 cm), slow-
growing, well-encapsulated mass (21,23). It most 
commonly occurs in the pancreatic tail, followed 
closely by the pancreatic head. SPT has a ten-
dency to displace rather than invade surrounding 
structures and rarely causes obstruction of the 
bile duct or pancreatic duct. The pseudocapsule 
(composed of compressed pancreatic tissue and 
reactive fibrosis) has low attenuation at CT and 
low signal intensity at T1- and T2-weighted MR 
imaging. Internal hemorrhagic and cystic degen-
eration is the hallmark of SPT due to the fragile 
vascular network of the tumor. These imaging fea-
tures are best appreciated at MR imaging (Fig 12). 
Subacute hemorrhage may appear hyperintense 
on T1-weighted images and have variable signal 
intensity on T2-weighted images, whereas chronic 
hemorrhage is hypointense with both sequences. 
A fluid-fluid or fluid-debris level is detected in 
10%–18% of cases due to the hematocrit effect 
(21). Peripheral calcification is present in 30% 
of cases (21). Typically, SPT shows peripheral 
heterogeneous enhancement during the arterial 
phase and progressive nonuniform enhancement 
thereafter, with enhancement generally being less 
than that of the normal pancreas (24). The main 
differential consideration is cystic NET. There are 
several features that can help distinguish between 
SPT and cystic NET.

1. Age at presentation. NETs rarely occur in 
patients younger than 30 years of age.

2. Signal intensity at T1-weighted MR imag-
ing. NET has low signal intensity; SPT, which 
contains hemorrhage, may have high signal 
intensity.

3. Tumor enhancement characteristics. NETs 
are more vascular and demonstrate either diffuse 
or ringlike hyperenhancement.

Pancreatoblastoma
Pancreatoblastoma accounts for 0.2% of all 
pancreatic tumors and is the most common 
pancreatic tumor in young children (25). At his-
tologic analysis, it resembles the incompletely 
differentiated acini of fetal pancreatic tissue at 
7 weeks gestational age (25,26). Two categories 
of pancreatoblastoma have been reported on the 
basis of anatomic origin: (a) those arising from 
the ventral anlage (right-sided well-encapsulated 
tumors with no calcification and a good progno-
sis), and (b) those arising from the dorsal anlage 
(left-sided infiltrative tumors that contain islet 
cells and calcification, with a poor prognosis) 
(27). Most patients are between 1 and 8 years of 
age (mean, 5 years) (25,27). Pancreatoblastoma 
rarely occurs in adults; when it does, however, 
the tumor is generally more aggressive. An as-
sociation of cystic pancreatoblastoma with Beck-
with-Wiedemann syndrome has been reported. 
Pancreatoblastoma has a predilection for male 
patients (1.3–2.7 times more common in males 
than in females) and Asian individuals (>50% 
of cases) (25). The serum a-fetoprotein level is 
elevated in 25%–33% of cases (1). Pancreato-
blastoma is typically slow growing and generally 
manifests as an asymptomatic large mass (mean, 
10 cm; range, 1.5–20 cm) (25). Symptoms (when 
present) relate to mass effect from the tumor 
and include abdominal pain, early satiety, vomit-
ing, and constipation. Cushing syndrome and 
syndrome of inappropriate antidiuretic hormone 
resulting from adrenocorticotropic hormone se-
cretion by the tumor have been observed.

Because of the large size of the mass at presen-
tation, in 50% of cases it is not possible to iden-
tify the organ of origin at radiology (28). There-
fore, differentiation from other pediatric tumors 
arising from adjacent organs (eg, neuroblastoma, 
Wilms tumor, hepatoblastoma) is challenging, 
and biopsy is generally required to establish the 
diagnosis. Aggressive behavior with local and dis-
tant spread has been observed. Metastases may 
occur to the liver (the most common location), 
lymph nodes, lung, bone, posterior mediastinum, 
peritoneum, and omentum. In some cases, pan-
creatoblastoma may appear as a circumscribed, 
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Figure 12. SPT in a 13-year-old girl with vague abdominal discomfort. (a–d) Axial T1-
weighted (a), T2-weighted (b), postcontrast arterial phase T1-weighted (c), and postcontrast portal 
phase T1-weighted (d) MR images show a well-encapsulated solid tumor (arrow) in the pancreatic 
head. The tumor has low signal intensity on the T1-weighted images and intermediate to high signal 
intensity on the corresponding T2-weighted image. It shows mild heterogeneous arterial enhance-
ment with progressive nonuniform fill-in during the portal phase. Despite its large size, the tumor 
does not obstruct the MPD (arrowhead in b), which is of normal caliber. (e, f) Corresponding US 
image (e) and postcontrast portal phase CT scan (f) show the tumor with heterogeneous echo-
genicity and attenuation, respectively. A focal area of intratumoral cystic degeneration is seen on the 
US image (arrowhead in e).
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Figure 13. Pancreatoblastoma in a 5-year-old boy in whom a mass was detected incidentally at physi-
cal examination performed during elective dental surgery. (a) Doppler US image shows a large hetero-
geneous tumor with internal cystic spaces (arrow) encasing the celiac axis and displacing the extrahe-
patic portal vein. (b) Postcontrast portal phase CT scan shows the tumor with solid (straight arrow) 
and cystic (*) components. The tumor displaces the portosplenic confluence (arrowhead) and stomach 
(curved arrow) anteriorly. Because of the large size of the tumor, the organ of origin could not be deter-
mined, and biopsy was necessary to establish the diagnosis. (Case courtesy of Harold Dhliwayo, MD, 
University of Alberta Hospital, Edmonton, Alberta, Canada.)

lobulated mass (with a predilection for the pan-
creatic head) with solid and cystic components 
or calcification. Despite its size, the tumor rarely 
causes biliary or duodenal obstruction, since it 
has a soft, gelatinous consistency. Arterial encase-
ment and venous invasion have been observed 
(Fig 13) (25). At US, the mass is heterogeneous 
with hypoechoic cystic spaces (representing liq-
uefactive necrosis) and intervening hyperechoic 
internal septa (25). Occasionally, a hypoechoic 
solid mass is seen. At CT, pancreatoblastoma 
generally manifests as a multiloculated inhomo-
geneous mass with enhancing septa (25). Calci-
fications (when present) have a rimlike or clus-
tered configuration (25). The tumor has low to 
intermediate signal intensity on T1-weighted MR 
images and high signal intensity on T2-weighted 
images, and shows mild contrast enhancement.

Surgery is the treatment of choice. Tumors 
are resectable in 75% of cases, and 14% progress 
after resection (necessitating long-term follow-up 
imaging) (27). Tumors located in the pancreatic 
body and tail carry a poor prognosis, since they 
are more difficult to excise completely.

Pancreatic Lymphoma
Pancreatic lymphoma is most commonly a B-cell 
subtype of non-Hodgkin lymphoma and is clas-
sified as either primary or secondary. Secondary 
lymphoma (found in 30% of non-Hodgkin lym-
phoma patients with widespread disease) is the 
dominant form and is the result of direct exten-
sion from peripancreatic lymphadenopathy (Fig 
14) (29). Primary pancreatic lymphoma is rare, 
representing less than 2% of extranodal lympho-
mas and 0.5% of pancreatic tumors (29). It is 
more common in middle-aged patients (mean, 
55 years; range, 35–75 years) and in immuno-
compromised patients (eg, patients with human 
immunodeficiency virus, transplant recipients) 
(30). The clinical presentation is nonspecific, 
with the most common findings being abdominal 
pain (83% of cases), a mass (58%), and weight 
loss (50%) (30). Obstructive jaundice (37%–42% 
of cases) and acute pancreatitis (12%) are less 
commonly seen (30). The classic symptoms of 
non-Hodgkin lymphoma (eg, fever, chills, night 
sweats) are present in only 2% of cases.

A primary lesion of the pancreas may be dif-
ficult to distinguish from adjacent disease in the 
peripancreatic lymph nodes or duodenum. Ante-
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Figure 15. Primary pancreatic lymphoma in a 
56-year-old woman with right upper quadrant pain 
who had undergone renal transplantation 10 years 
earlier for chronic renal insufficiency (note the atrophic 
kidneys [*]). US showed a gallstone but failed to ad-
equately depict the pancreas. Endoscopic retrograde 
cholangiopancreatography showed abrupt narrowing of 
the CBD, which was treated with placement of a me-
tallic stent. Postcontrast portal phase CT scan shows 
a focal hypoattenuating tumor (straight arrow) in the 
pancreatic head, a finding that was confirmed to be 
lymphoma at biopsy. A gallstone (arrowhead) and the 
biliary stent (curved arrow) are also noted.

Figure 14. Secondary lymphoma of the pancreas 
in a 54-year-old man with abdominal pain. Coronal 
oblique postcontrast arterial phase maximum intensity 
projection image shows local invasion of the pancreatic 
tail (curved arrow) from lymphomatous infiltration of 
the spleen (straight arrow) and extensive confluent ret-
roperitoneal lymphadenopathy (*).

rior displacement of the pancreas or an intact fat 
plane between the pancreas and adjacent disease 
is a distinguishing feature. Two morphologic pat-
terns of pancreatic lymphoma are recognized 
(31): a focal well-circumscribed form and a dif-
fuse form. The focal form occurs in the pancre-
atic head in 80% of cases and has a mean size of 
8 cm (range, 2–15 cm) (Fig 15) (30). It typically 
has uniform low attenuation at CT. At MR imag-
ing, it has low signal intensity on T1-weighted 
images and intermediate signal intensity on T2-
weighted images (slightly higher signal intensity 
than the pancreas but lower signal intensity than 
fluid), and shows faint contrast enhancement. 
The diffuse form is infiltrative, leading to glandu-
lar enlargement and poor definition, features that 
can simulate the appearance of acute pancreatitis. 
This form has low signal intensity on T1- and 
T2-weighted MR images and shows homoge-
neous contrast enhancement, although small foci 
of reduced or absent enhancement are sometimes 
seen.

Several features of lymphoma may help distin-
guish it from adenocarcinoma (31).

1. A bulky localized tumor in the pancreatic 
head without significant MPD dilatation. The 
MPD is typically mildly dilated in lymphoma but 
grossly dilated in adenocarcinoma. CBD dilata-
tion is more common than MPD dilatation in 
lymphoma.

2. Enlarged lymph nodes below the level of the 
renal vein.

3. Invasive tumor growth that does not respect 
anatomic boundaries and that infiltrates retro-
peritoneal or upper abdominal organs and the 
gastrointestinal tract.

Vascular invasion is less common in lymphoma 
than in adenocarcinoma. Intratumoral calcifica-
tion-necrosis is not a feature of lymphoma and 
may be helpful in its exclusion. Biopsy is recom-
mended for establishing the diagnosis. Pancreatic 
lymphoma carries a better prognosis than ad-
enocarcinoma because first-line treatment with 
chemotherapy is generally effective in producing 
long-term disease regression or remission. Sur-
gery is not required in most cases.
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Figure 17.  Focal pancreatitis in a 33-year-old man 
with a long-standing history of chronic pancreatitis. 
Nonenhanced CT scan shows a focally enlarged pan-
creatic head (arrow) with an irregular convex contour 
and internal foci of coarse calcification. These findings 
remained stable at follow-up imaging performed over a 
3-year period.

Figure 16. Pathologically proved metastasis to the 
pancreas from RCC in an asymptomatic 68-year-old 
woman who had undergone left nephrectomy 20 years 
earlier. Postcontrast portal phase CT scan shows a 
large hypervascular tumor with cystic-necrotic de-
generation in the pancreatic tail (straight arrow). Ar-
rowhead indicates intratumoral vessels, curved arrow 
indicates absence of left kidney.

Metastases to the Pancreas
Pancreatic metastases are seen at 2%–11% of au-
topsies and account for 2%–5% of all malignant 
neoplasms (32). Metastases are most frequently 
from renal cell carcinoma (RCC) and lung car-
cinoma, followed by breast carcinoma, colorectal 
carcinoma, and melanoma (32). The time interval 
between the diagnosis of primary carcinoma and 
the detection of pancreatic metastases varies but 
is usually less than 3 years. However, metastases 
from RCC typically manifest 6–12 years (and as 
long as 20 years) after nephrectomy (33). Clini-
cal symptoms are nonspecific and may include 
abdominal pain, weight loss, gastrointestinal 
bleeding, anemia, and diabetic ketoacidosis. Most 
patients (50%–83%) are asymptomatic (32). The 
prognosis is generally more favorable than that 
for pancreatic adenocarcinoma. Surgery is an 
option in patients who (a) have enjoyed a long 
disease-free interval between resection of primary 
carcinoma and the development of pancreatic 
metastases, or (b) have metastases that are con-
fined to the pancreas. Up to 80% of patients with 
pancreatic metastases from RCC will have no 
other organ involvement (33).

Three morphologic patterns of involvement 
are recognized: solitary (50%–70% of cases), 
multifocal (5%–10%), and diffuse (15%–44%) 
(32,34). The solitary form is generally well mar-
ginated. Masses may be hypo- or hyperechoic at 
US and hypo- or isoattenuating at nonenhanced 
CT. Cystic masses have been reported (35). Me-
tastases typically have low signal intensity on T1-
weighted MR images and high signal intensity on 
T2-weighted images (36). At contrast-enhanced 
CT and MR imaging, the appearances of pancre-
atic metastases closely resemble that of primary 
carcinoma. Pancreatic adenocarcinoma gener-
ally manifests as a hypoenhancing mass, whereas 
metastases show either peripheral enhancement 
(in over 70% of lesions >1.5 cm) or, less com-
monly, homogeneous enhancement (smaller 
lesions) (32,35,36). These features relate to the 
blood supply of the lesions. Metastases parasitize 
the blood supply from surrounding organs, re-
sulting in uniform enhancement in small lesions. 
In larger lesions, ring enhancement is the norm, 
since the periphery of the tumor receives more 

favorable blood supply than does its center. This 
phenomenon is typified by metastases from RCC, 
which are generally well-defined hypervascular le-
sions that have a central hypoenhancing necrotic 
portion with poor perfusion (Fig 16).

The main differential consideration for pan-
creatic metastases from hypervascular primary 
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tumors such as RCC is NET. The imaging 
appearances of these two entities can be very 
similar. Both manifest as hypervascular discrete 
masses that can exhibit cystic-necrotic degen-
eration. However, hypovascular metastases from 
(for example) the lung, breast, and colon are of-
ten seen, and the main differential consideration 
for these lesions (in the absence of multiple me-
tastases) is pancreatic adenocarcinoma. In most 
cases, a past medical history of malignancy al-
lows the correct diagnosis. Equivocal cases may 
require biopsy.

Miscellaneous Neoplastic Solid Lesions
Some exceedingly rare tumors have been de-
scribed in small case series and isolated reports in 
the literature.

1. Epithelial tumors such as acinar cell carci-
noma, giant cell tumor, and colloid carcinoma. 
Acinar cell carcinoma represents about 1% of all 
exocrine pancreatic tumors. In 10% of cases, the 
tumor produces excess pancreatic enzyme—nota-
bly lipase—resulting in lipase hypersecretion syn-
drome, which is characterized by subcutaneous 
fat necrosis, bone infarcts, and polyarthritis.

2. Mesenchymal tumors such as granular cell 
tumor, fibrous histiocytoma, juvenile hemangio-
endothelioma, fibroma, inflammatory myoblastic 
tumor, and sarcoma.

3. Mixed tumors such as squamous cell carci-
noma and mixed endocrine-exocrine tumor.

Nonneoplastic Solid Lesions

Focal Pancreatitis
Chronic pancreatitis can manifest as a focal in-
flammatory mass, often in the pancreatic head, 
thereby mimicking adenocarcinoma (Fig 17). 
This manifestation, which is variably described in 
the literature as focal pancreatitis, mass-forming 
pancreatitis, or pseudotumoral pancreatitis, ac-
counts for 5%–10% of pancreatectomies for pre-
sumed malignancy (37). Discrimination between 
focal pancreatitis and adenocarcinoma is difficult 
clinically, radiologically, and even histologically. 
Clinical features such as abdominal pain, ob-
structive jaundice, and weight loss may be seen 
in both entities. Imaging results are confusing 
because inflammation can coexist with adeno-
carcinoma and adenocarcinoma may arise in 

long-standing chronic pancreatitis (2% of cases 
after 10 years and 6% after 20 years) (38). Biopsy 
does not always help differentiate between the 
two entities, since they may share some common 
histologic features (39).

In general, adenocarcinoma and focal pancre-
atitis are hypoechoic at US, are hypoattenuating 
at CT, and have the same signal intensity at T1- 
and T2-weighted MR imaging. The double duct 
sign, ductal strictures, infiltration of adjacent fat, 
arterial encasement, and peripancreatic venous 
obstruction may be present in both entities (39). 
Features that favor a diagnosis of focal pancreati-
tis include nondilated or smoothly tapering pan-
creatic and bile ducts coursing through the mass 
(“duct penetrating sign” [40]), pancreatic duct 
irregularity, and the presence of pancreatic calci-
fications (39). Features that favor a diagnosis of 
adenocarcinoma include abrupt interruption of 
a smoothly dilated pancreatic duct and upstream 
pancreatic gland atrophy (39). A high ratio of 
duct caliber to pancreatic gland width is a recog-
nized indicator of adenocarcinoma (39). Modest 
atrophy and nonabrupt gradual narrowing of the 
biliary or pancreatic duct is more common in fo-
cal pancreatitis (39).

Autoimmune pancreatitis (AIP) is a distinct 
form of pancreatitis that accounts for 25% of all 
cases of focal pancreatitis (41). Its importance lies 
in the fact that laboratory and imaging findings 
may improve following a course of treatment with 
corticosteroids. AIP is characterized by a lym-
phoplasmacytic infiltrate at histologic analysis, an 
elevated serum level of immunoglobulin G4, and 
an association with other autoimmune conditions 
such as inflammatory bowel disease, primary scle-
rosing cholangitis, and Sjögren syndrome (41). At 
imaging, diffuse AIP typically shows generalized 
glandular enlargement (“sausage” shape), loss of 
visualization of the MPD due to the destructive 
nature of this disease entity, and a rimlike capsule 
due to fibrosis (41). Focal AIP is more difficult to 
distinguish from adenocarcinoma (Figs 18, 19). 
At endoscopic retrograde cholangiopancreatog-
raphy, stenosis of a segment of the MPD greater 
than 3 cm in length and an upstream portion of 
the MPD less than 0.6 cm in diameter are re-
ported to be suggestive of AIP (42).
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Figure 19. Focal AIP. Endoscopic US image shows 
a focal heterogeneous mass (cursors) in the pancreatic 
head. Endoscopic US–guided fine needle aspiration bi-
opsy revealed AIP. (Courtesy of Gurpal Sandha, MD, 
University of Alberta Hospital, Edmonton, Alberta, 
Canada.)

Figure 18. Focal AIP in a 47-year-old woman with vague abdominal symptoms. Postcontrast arterial 
phase (a) and portal phase (b) CT scans show a focal area of hypoattenuation (arrow) in the pancreatic 
tail, for which the patient underwent distal pancreatectomy for presumed adenocarcinoma. Pathologic 
analysis of the resected specimen revealed AIP.

Groove pancreatitis is an uncommon form of 
focal pancreatitis, and its cause is unknown. The 
pancreaticoduodenal groove is a potential space 
between the pancreatic head, duodenum, and 
CBD. There are two forms of groove pancreatitis 
(43): (a) the segmental form, which involves the 
pancreatic head with scar tissue in the pancreati-
coduodenal groove; and (b) the pure form, which 
affects the groove but spares the pancreatic head. 
Clinical manifestations generally relate to associ-
ated duodenal and biliary obstruction, with recur-
rent vomiting being particularly pronounced due 
to duodenal obstruction. At imaging, sheetlike 
fibrotic scar tissue is seen in the pancreaticoduode-
nal groove and is typically hypoattenuating at CT, 
hypointense at T1-weighted MR imaging, and iso- 
to hyperintense at T2-weighted imaging (43). The 
fibrotic scar tissue shows delayed enhancement at 
contrast-enhanced CT and MR imaging. The seg-
mental form, which involves both the pancreatic 
head and the pancreaticoduodenal groove, may re-
semble a focal mass at imaging, thereby mimicking 
adenocarcinoma. Groove pancreatitis is associated 
with (a) smooth stricturing of the intrapancreatic 
portion of the CBD, and (b) wall thickening and 
cystic dysplasia of the duodenum (43).

The literature contains conflicting reports re-
garding the helpfulness of contrast enhancement in 
differentiating pancreatitis from adenocarcinoma. 
Earlier studies suggested that the two entities can-
not be differentiated on the basis of enhancement, 
since both show delayed enhancement at CT 
and MR imaging secondary to fibrosis (44,45). 
However, more recent studies suggest otherwise 
(37,46). Tajima et al (37) suggest that analysis of 
signal intensity curves at contrast-enhanced MR 

imaging is useful because adenocarcinoma has a 
later enhancement peak than does focal pancreati-
tis (a slow rise to a peak at 180 seconds was unique 
to adenocarcinoma in their study). Yamada et al 
(46) found that analysis of time attenuation curves 
at contrast-enhanced CT allowed differentiation 
between the two entities: Focal pancreatitis showed 
a delayed washout pattern, whereas adenocarci-
noma showed a pattern of increasing enhancement 
over time, peaking at 150 seconds.

Diffusion-weighted MR imaging and FDG 
PET have shown early promise in differentiating 
focal pancreatitis from adenocarcinoma. Tumors 
are associated with restricted diffusion due to 
their dense cellularity and therefore generally have 
higher signal intensity and lower apparent diffu-
sion coefficient values than does normal tissue at 
diffusion-weighted MR imaging. In a diffusion-
weighted MR imaging study of 38 patients, Fattahi 



RG  •  Volume 31  Number 4  Low et al  1009

Figure 20. Diffuse nonuniform fatty replacement of the pancreas with focal sparing in a 45-year-old woman with right 
upper quadrant pain. (a) US image shows a focal hypoechoic area (cursors) representing focal sparing in a diffusely 
echogenic (fatty) pancreas. (b–d) Axial opposed-phase T1-weighted (b), fat-suppressed T1-weighted (c), and T2-
weighted (d) MR images show diffuse nonuniform fatty replacement of the pancreas (straight arrow) with interspersed 
focal areas of sparing (curved arrow). The areas of fatty replacement are hyperintense on the non–fat-suppressed T1- 
and T2-weighted MR images and show signal intensity loss on the fat-suppressed image. The focal areas of sparing 
are hypointense relative to the fatty pancreas on the non–fat-suppressed T1- and T2-weighted images.

et al (47) found that, at a b value of 600 sec/mm2, 
focal pancreatitis was indistinguishable from the 
remaining pancreas, whereas adenocarcinoma was 
hyperintense relative to the remaining pancreas. 
The mean apparent diffusion coefficient value for 
adenocarcinoma (1.46 ± 0.18 × 10-3 mm2/sec) 
was significantly lower than that for focal pancre-
atitis (2.09 ± 0.18 × 10-3 mm2/sec) or normal pan-
creatic tissue (1.78 ± 0.07 × 10-3 mm2/sec). FDG 
PET has also yielded encouraging results in differ-
entiating adenocarcinoma from focal pancreatitis. 
In a series of 80 patients, Friess et al (48) reported 
increased uptake in 41 of 42 patients (98%) with 
adenocarcinoma and no accumulation in 28 of 32 
patients (88%) with chronic pancreatitis.

Fatty Infiltration-Replacement
Pancreatic lipomatosis, or fatty infiltration-re-
placement, is a common finding in the adult pan-
creas. Involvement is normally diffuse but may in 
rare instances be focal. It is most frequently seen 

in elderly or obese patients and may be associated 
with diseases such as chronic pancreatitis and 
cystic fibrosis. A geographic predilection for the 
anterior aspect of the pancreatic head has been 
observed. The posterior part of the head and the 
uncinate process are usually spared from fatty 
infiltration. The differences in the geographic 
distribution of fatty infiltration-replacement and 
sparing are postulated to relate to the dissimilar 
histologic compositions of the ventral and dorsal 
pancreas (49).

Focal fatty infiltration and its converse, focal 
fatty sparing, may each simulate a tumor. At US, 
focal fatty infiltration is hyperechoic relative to 
the normal pancreas, whereas focal fatty sparing 
is hypoechoic relative to the surrounding fatty 
pancreas (Fig 20a). Nonenhanced CT can sug-
gest the diagnosis if the lesion contains sufficient 
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roscopic fatty replacement of the pancreas will 
demonstrate signal intensity similar to that of 
fat found elsewhere in the body (ie, high signal 
with T1- and T2-weighted sequences, signal loss 
with fat-suppressed sequences). Microscopic fat, 
which is commonly present in fatty infiltration, 
is reliably detected with use of chemical shift 
MR imaging. Involved areas show moderate to 
marked signal loss with the opposed-phase T1-
weighted sequence relative to the in-phase T1-
weighted sequence.

Figure 21. IPAS in a 34-year-old man with a past history of a resected duodenal 
carcinoid tumor. (a–d) Axial T1-weighted (a), T2-weighted (b), and postcontrast 
arterial phase (c) and portal phase (d) T1-weighted MR images show a small ovoid 
mass (arrow) in the pancreatic tail. The mass has signal intensity similar to that of 
the spleen with all imaging sequences and demonstrates the characteristic arciform 
arterial enhancement of splenic tissue (c). The MR imaging findings are consistent 
with a diagnosis of IPAS. (e) Postcontrast arterial phase CT scan also shows the 
mass with arciform arterial enhancement (arrow). 99mTc heat-damaged red blood 
cell (HDRBC) SPECT/CT was recommended to confirm the diagnosis.

macroscopic fat to exhibit characteristic fat at-
tenuation (in negative Hounsfield units) (49). 
Contrast-enhanced CT is seldom helpful because 
normal parenchyma interspersed between foci of 
fatty infiltration enhances, increasing lesion at-
tenuation beyond that which is diagnostic for fat 
(49). The absence of mass effect is a useful ancil-
lary finding that may help differentiate focal fatty 
infiltration and focal fatty sparing from tumor. 
Nondeformity of the configuration of the pan-
creas and absence of associated ductal or vascular 
displacement in the affected area are typical (49).

MR imaging is the modality of choice for 
assessment due to its high specificity in the 
detection of fat (Fig 20b–20d) (50,51). Mac-
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Figure 22. Confirmation of the diagnosis of IPAS 
in the same patient as in Figure 21. Axial fused 99mTc 
HDRBC SPECT/CT image shows focal uptake (ar-
row) in the pancreatic tail, a finding that is consistent 
with IPAS. However, this uptake is lower than in the 
spleen because the IPAS contains only a small amount 
of functioning splenic tissue.

Intrapancreatic Accessory Spleen
Accessory spleen occurs as a result of failure of 
fusion of the splenic anlage in the dorsal meso-
gastrium (52). It is seen at 10%–30% of autop-
sies, with the pancreatic tail being the second 
most common location (52). However, intra-
pancreatic accessory spleen (IPAS) is seldom 
detected at imaging due to its small size. Mortele 
et al (52) reported a prevalence of two cases per 
1000 patients on the basis of findings at nonen-
hanced and contrast-enhanced portal phase CT 
(8-mm collimation, pitch of 1).

IPAS is typically a 1–3-cm, well-defined ovoid 
mass situated in the pancreatic tail. It is homo-
geneous and mildly echogenic at US and may 
exhibit posterior acoustic enhancement (53). A 
vascular hilum passing into the lesion is reported 
to be a suggestive finding at color Doppler US 
(53). IPAS has characteristics similar to those 
of the spleen at nonenhanced and contrast-
enhanced imaging (Fig 21) (53). Relative to the 
spleen, IPAS is isoechoic at US, isoattenuating 
at CT, and isointense at MR imaging. Because 
the spleen is generally more dense than the pan-
creas during all dynamic CT phases (arterial, 
pancreatic, portal), IPAS generally shows greater 
enhancement than does the pancreas. Relative 
to the pancreas, IPAS (like the spleen) has lower 
signal intensity on T1-weighted MR images and 
higher signal intensity on T2-weighted images. 
The characteristic arciform splenic enhancement 
pattern seen during the arterial phase (secondary 
to perfusion differences between red and white 

pulp) is also seen in IPAS. This is a useful crite-
rion for differentiating IPAS from hypervascular 
neoplasms such as NETs and metastases. Super-
paramagnetic iron oxide–enhanced MR imaging 
is useful for confirming the diagnosis of IPAS in 
equivocal cases (54). Superparamagnetic iron 
oxide is selectively phagocytosed by macrophages 
of reticuloendothelial cells in splenic tissue, liver, 
and bone marrow, leading to decreased signal 
in these tissues at postcontrast imaging, with 
the signal decrease of IPAS matching that of the 
spleen.

Technetium 99m (99mTc) sulfur colloid scin-
tigraphy and 99mTc HDRBC scintigraphy can 
be used to confirm the diagnosis when IPAS is 
suspected (Fig 22) (53). Splenic tissue traps up 
to 90% of the injected HDRBCs, thereby mak-
ing 99mTc HDRBC scintigraphy a highly sensitive 
modality. However, this modality is more time 
consuming than 99mTc sulfur colloid scintigraphy 
and requires direct handling of the blood prod-
ucts. False-negative findings may be obtained if 
only a minimal amount of functioning splenic  
tissue is present. Diagnostic criteria used to de-
tect accessory spleen, including IPAS, include  
(a) a marked increase in uptake that exceeds that 
of the cardiac blood pool, and (b) major vessels 
at the site of a suspected accessory spleen (53).

Pancreatic Lobulation and  
Other Congenital Anomalies
The normal pancreas has a lobulated appear-
ance. Occasionally, however, a prominent focal 
exophytic lobulation (generally an outpouching 
of more than 1 cm beyond the pancreatic border) 
may simulate a pancreatic mass. Lobulations are 
most commonly located in the pancreatic head 
and neck and are present in about 34% of the 
general population. Ross et al (55) classified these 
lobulations into three types: type I (anterior [10% 
of cases]), type II (posterior [19%]), and type III 
(horizontal [5%]). Type I lobulations are often 
associated with a smaller uncinate process. Tuber 
omentale, a focal prominence of the anterior sur-
face of the pancreatic body to the left of the su-
perior mesenteric vessels, is another example of a 
pseudotumor (56), as is bifid pancreatic tail (pan-
creas bifidum), or fish tail pancreas, a very rare 
congenital branching anomaly of the MPD that 
is identified at MR cholangiopancreatography or 
endoscopic retrograde cholangiopancreatography 



1012 July-August 2011 radiographics.rsna.org

Figure 23. Prominent pancreatic lobulation in a 44-year-old woman in whom a misdiagnosis 
(tumor of the pancreatic tail) was made at US. Axial fat-suppressed T1-weighted (a), T2-weighted 
(b), and postcontrast arterial phase T1-weighted (c) MR images show a well-defined exophytic 
focal mass (arrow) that is isointense relative to the surrounding pancreas, a finding that is consis-
tent with pancreatic lobulation.

and is associated with division of the pancreatic 
tail into separate dorsal and ventral buds (57). 
The pancreatic tail does not tend to reach the 
splenic hilum when these anomalies occur, a tell-
tale sign of their presence.

At imaging, lobulations can be distinguished 
from tumor in that their characteristics are identi-
cal to those of the rest of the pancreas. Relative to 
the surrounding pancreatic tissue, lobulations are 
isoechoic at US, isoattenuating at CT, and isoin-
tense at MR imaging, and are isoenhancing fol-
lowing contrast material administration (Fig 23).

Miscellaneous Non- 
neoplastic Solid Lesions

Pancreatic Sarcoidosis.—Sarcoidosis is an idio-
pathic systemic granulomatous disorder that can 
affect any organ in the body. Pancreatic involve-
ment is very rare, however, with only 19 cases of 

biopsy-proved granuloma of the pancreas and 
seven cases of peripancreatic lymph node involve-
ment reported in the literature (58). Pancreatic 
sarcoidosis can mimic pancreatic adenocarci-
noma both clinically and radiologically (59). 
Abdominal pain, weight loss, and obstructive 
jaundice are the most common presenting symp-
toms (60). Sarcoidosis may manifest as solitary 
or multiple pancreatic masses that may reach 6–7 
cm in size (61). Coexisting peripancreatic lymph 
node enlargement has been described (61). Sar-
coid lesions are typically hypoechoic at US and 
hypoattenuating at contrast-enhanced CT (61). 
A geographic predilection for the pancreatic head 
has been reported, a finding that may be associ-
ated with obstruction of the CBD and MPD 
(61). CBD narrowing from sarcoidosis is typi-
cally long, smooth, and tapered as opposed to 
focally abrupt (as in adenocarcinoma) (61). At 
MR imaging, sarcoid lesions are hypointense on 
T1-weighted images, mildly hyperintense on T2-
weighted images, and hypoenhancing following 
contrast material administration (60).
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The presence of a pancreatic mass in a patient 
with a history of sarcoidosis or with typical pul-
monary findings such as bilateral hilar adenopa-
thy should alert the radiologist to the possibility 
of pancreatic sarcoidosis. Nevertheless, biopsy is 
recommended in all cases. The prognosis is good 
because pancreatic sarcoidosis is generally re-
sponsive to steroid treatment (60,61).

Castleman Disease of the Pancreas.—Castle-
man disease was first described by Castleman 
and Towne in 1956 and is a rare, angiofollicular 
lymph node hyperplasia of unknown origin (62). 
It is most commonly seen in the mediastinum 
but may occur at any site where lymph nodes 
exist (63). Pancreatic involvement is exceedingly 
rare, with only 10 cases reported in the literature 
(64). At CT, Castleman disease has been re-
ported to manifest as a solid, well-encapsulated 
smooth mass with strong contrast enhancement, 
which may be ringlike (63). Internal calcifica-
tion and cystic change have also been described 
(65,66). The one reported case involving MR 
imaging describes a smoothly marginated mass 
that is hypointense at T1-weighted imaging and 
isointense at T2-weighted imaging, with periph-
eral arterial rim enhancement following contrast 
material administration (67).

Conclusions
Solid lesions of the pancreas can have a broad 
spectrum of neoplastic and nonneoplastic causes. 
Accurate diagnosis can be challenging, and a 
multimodality imaging approach is often helpful. 
Knowledge of relevant clinical information and 
key radiologic features is essential for confident 
lesion characterization and differentiation.
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Page 995
High-resolution dual-phase (arterial and portal) contrast material–enhanced CT is the established tech-
nique for evaluating pancreatic adenocarcinoma. Arterial phase imaging (performed 20–40 seconds after 
contrast agent injection) allows optimal visualization of the tumor and peripancreatic arteries. Maximal 
contrast between the hypovascular tumor and the normal pancreas yields optimal tumor conspicuity in 
this phase. Most tumors are hypoattenuating, with a mean size of 3 cm (range, 1.5–10 cm; average size 
in the pancreatic head, 2.5–3 cm; average size in the body and tail, 5–7 cm) (2). Portal phase imaging 
(performed 50–70 seconds after injection) is optimal for detecting metastatic disease to the liver and for 
assessing the peripancreatic veins.

Page 998 (Figure on page 1000)
The most distinctive feature of NETs is their behavior at contrast-enhanced imaging. NETs have a rich 
vascular supply and therefore enhance avidly during the arterial phase, enhancing more rapidly and in-
tensely than the normal pancreas (Fig 9a, 9b) (14).

Page 1002 (Figure on page 1003)
Internal hemorrhagic and cystic degeneration is the hallmark of SPT due to the fragile vascular network 
of the tumor. These imaging features are best appreciated at MR imaging (Fig 12).

Page 1005
Several features of lymphoma may help distinguish it from adenocarcinoma (31).

1. A bulky localized tumor in the pancreatic head without significant MPD dilatation. The MPD is typi-
cally mildly dilated in lymphoma but grossly dilated in adenocarcinoma. CBD dilatation is more com-
mon than MPD dilatation in lymphoma.

2. Enlarged lymph nodes below the level of the renal vein.

3. Invasive tumor growth that does not respect anatomic boundaries and that infiltrates retroperitoneal or 
upper abdominal organs and the gastrointestinal tract.

Page 1011 (Figure on page 1010)
IPAS has characteristics similar to those of the spleen at nonenhanced and contrast-enhanced imaging 
(Fig 21) (53).


