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Abstract

This pictorial essay illustrates the imaging appearances of a wide variety of metastases to the pancreas as seen on
computed tomography (CT), magnetic resonance imaging and positron emission tomography/CT. Key clinical and
radiologic features (lesion distribution, non-contrast imaging appearance, enhancement pattern and pattern of spread)
that may aid differentiation of primary from solitary secondary pancreatic malignancies are discussed.
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Introduction

As in other organs, malignancies involving the pancreas
can be broadly classified into primary and secondary
tumors. Among the primary malignancies, pancreatic
adenocarcinomas (PCa) are the most common, compris-
ing more than 85% of cases. In contrast, neuroendocrine
tumors (NET) that are derived from endocrine pancreas
are much less common, comprising just over 1% of
cases[1]. Secondary malignancies of the pancreas are
divided based on the mode of spread: direct invasion
by a primary malignancy arising from an adjacent
organ, and hematogenous spread of metastases.

The learning objectives of this review were to identify
the two main modes of tumor spread to the pancreas, list
the common sources of hematogenous metastases to the
pancreas, and compare the key imaging features that may
differentiate solitary hematogenous metastases from pri-
mary malignancies of the pancreas.

Direct invasion of the pancreas

Extrapancreatic malignancies that directly invade the
pancreas typically originate in the gastrointestinal tract.
These include the stomach[2], duodenum[3],transverse
colon[4], and gallbladder[5]. The location of the primary
tumor influences the site of pancreatic invasion. For

example, a tumor originating in the gallbladder spreads
contiguously along the hepatoduodenal ligament to
involve the pancreatic head (Fig. 1).

Direct invasion of tumor into the pancreas confers a
worse prognosis[4] and the survival rates for patients with
duodenal adenocarcinoma invading the pancreas have
been shown to be significantly worse than in those with-
out (16% versus 78%)[3]. Similar findings were reported
in patients with gastric cancer; the presence of pancreatic
invasion was associated with increased vascular, nodal
and hepatic involvement[2]. Direct invasion of the pan-
creas is an important consideration in surgical planning,
since en bloc resection is feasible in selected patients[2],
and a multivariate analysis in a series of 29 patients
showed improved overall survival after complete clear-
ance with a negative resection margin[4]. Direct invasion
of the pancreas is usually clearly evident on cross-sec-
tional imaging, and is not discussed further in this article.

Hematogenous metastases to the
pancreas

Patients with metastases to the pancreas are usually iden-
tified in one of three ways: during initial metastatic
workup, routine surveillance after resection of the pri-
mary lesion, and symptoms secondary to the lesion[6].
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Jaundice (25%) and abdominal pain (20%) were the most
common presenting symptoms of metastases to the
pancreas[7].

Hematogenous spread of metastases to the pancreas
is uncommon, and the prevalence is low (20 of 1050)
at 1.9�2%[8,9]. The most commonly reported primary
tumors metastatic to the pancreas are lung, gastrointesti-
nal tract, kidney, breast tumors and melanoma[10].
Gynecological malignancies, gastrointestinal stromal
tumors, sarcomas, lymphoma and adrenal cortical carci-
noma are rare (Figs. 2�4).

In general, the presence of hematogenous metastases
to the pancreas implies disseminated disease and a
poor prognosis with a reported median survival of 8.7
months[9]. There may be a significantly long latency
period between initial diagnosis of the primary tumor
and subsequent detection of pancreatic metastases. For
example, in a series of patients with renal cell carcinoma
(RCC)[11], most (88%) metastases were detected meta-
chronously, with an average lag time of 9.2 years. RCC
metastases have been reported up to 21 years after treat-
ment of the primary tumor[12]. Long latency periods have
also been reported for patients with breast cancer[6].

Surgical resection of pancreatic metastases is usually
not indicated in disseminated disease, except in select
patients where tumor burden is low and limited to the
pancreas. However, when metastases to the pancreas in
such select patients are successfully resected, the progno-
sis may be significantly improved.

Features of hematogenous
metastases to the pancreas

Clinical findings

In the setting of a known pancreatic mass, the sensitivity
and specificity of carbohydrate antigen (CA) 19-9 for
PCa, although approximately 81% and 89% respectively,
is still considered limited[13]. Clinical and laboratory find-
ings such as Zollinger�Ellison syndrome (in gastrinoma)
and recurrent episodes of hypoglycemia (in insulinoma)

Figure 2 (a) A 49-year-old woman with a history of cer-
vical cancer. Axial contrast-enhanced CT image showing
hypovascular metastasis (arrow) in the pancreatic tail. A
second deposit is demonstrated in the left kidney (arrow-
head). The pancreatic metastasis is hypoattenuating, sim-
ilar to pancreatic adenocarcinoma (PCa). Unlike PCa,
this metastasis is relatively well defined, and is not asso-
ciated with pancreatic ductal dilatation or regional vascu-
lar invasion. (b) Contrast-enhanced CT image at a more
inferior position in the pancreas showing additional lesions
(arrowheads). Metastases were homogeneously hypodense
to pancreatic parenchyma. The superior mesenteric vein is
intact even though one lesion (arrow) lies just adjacent to
it. Lack of vascular invasion favors metastatic disease over
PCa. However, multifocal pancreatic involvement is the
strongest factor supportive of metastatic disease.

Figure 1 A 45-year-old woman with locally advanced gall-
bladder cancer. Tumor has extended along the hepatoduo-
denal ligament. Axial contrast-enhanced CT image shows
tumor (*) surrounding an endobiliary stent (bold arrow)
and common hepatic artery (thin arrow). Note dilatation
of the pancreatic duct (arrowhead), a sign that tumor has
invaded the pancreas. The gallbladder was entirely
replaced and is not shown.
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can be extremely helpful in the diagnosis of primary
functioning pancreatic NET. A history of extrapancreatic
malignancy can be crucial for the diagnosis of metastatic
disease to the pancreas.

Lesion distribution

In terms of the distribution of metastases within the pan-
creas, there is little difference: 35% occur in the head,
23% in the body and 35% in the tail[14]. Depiction of the
sites of extrapancreatic disease, particularly when they
are not typical for either PCa or NET, is an important
key to the diagnosis (Fig. 5). More than 90% of patients
with pathologically proven metastases to the pancreas
may have extrapancreatic disease[15]. Multicentric

disease within the pancreas also suggests metastatic dis-
ease[16] (Fig. 6). However, it should be noted that more
than half of hematogenous metastases to the pancreas
can occur singly (Fig. 7)[17]. Unlike PCa, most metasta-
ses tend to be well circumscribed although they may
rarely present as diffusely infiltrative masses (Figs. 8
and 9).

Non-contrast imaging features

Relying on lesion attenuation (on CT) and signal inten-
sity (on magnetic resonance imaging (MRI)) on non-con-
trast imaging is not helpful because significant overlap
between primary and metastatic lesions exists. On CT,
most metastases are hypoattenuating to normal pancre-
atic parenchyma. On T1-weighted MRI, due to the

Figure 3 (a) A 45-year-old man with a history of retro-
peritoneal sarcoma. Axial contrast-enhanced CT image of
a patient with unclassified retroperitoneal sarcoma metas-
tasizing to the pancreatic head. Large lesion (arrow) is
heterogeneously hypodense to the rest of the pancreas,
however does not cause pancreatic ductal dilation or occlu-
sion of the superior mesenteric vein (arrowhead). (b) Axial
fat-suppressed T2-weighted fast spin echo image of the
same lesion showing minimally prominent caliber of the
pancreatic duct (arrow). Imaging findings favor metastatic
disease, as pancreatic adenocarcinoma of this size would
be expected to cause significant biliary and pancreatic
ductal dilatation.

Figure 4 (a) A 75-year-old woman with non-Hodgkin lym-
phoma. Axial contrast-enhanced CT image showing a
hypodense mass in the pancreatic head. The common
hepatic artery (arrow) is encased. Note there is no pancre-
atic ductal dilation. (b) Corresponding fusion positron
emission tomography (PET)/CT image shows marked
hypermetabolism in keeping with the primary diagnosis.
However, such a finding is not specific, as even primary
pancreatic adenocarcinoma would be expected to show
increased metabolic activity.
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presence of enzymes, the normal pancreas shows an
inherently high signal[18], whereas tumor is generally
low in signal. On T2-weighted and diffusion-weighted
images, malignancies are generally of higher signal inten-
sity compared with the pancreas (Figs. 3 and 10).

Contrast-enhanced imaging features

The enhancement pattern may be helpful in lesion char-
acterization, particularly in hypervascular lesions, for

Figure 5 (a) A 62-year-old man with known metastatic
melanoma. Coronal PET image showing extensive depos-
its throughout the body. A large metastatic deposit was
present in the pancreatic tail (arrow). (b) Corresponding
fusion PET/CT image in the axial plane confirms the ana-
tomic location of the lesion (arrow). Note the presence of
extrapancreatic metastases (arrowheads) in the liver and
bilateral erector spinae muscles. The latter are rarely seen
in PCa, but a fairly frequent finding in metastatic
melanoma.

Figure 7 A 56-year-old woman with a history of breast
cancer. Axial contrast-enhanced CT image of the proximal
pancreas showing single hypovascular metastasis (arrow).
In general, metastatic disease to the pancreas most com-
monly manifests as a single focus rather than multiple.
Furthermore, the well-circumscribed margins are highly
atypical for PCa.

Figure 6 A 55-year-old woman with a history of gastroin-
testinal stromal tumor. Axial contrast-enhanced CT image
shows multiple hypodense masses (arrows) throughout the
pancreas. Multicentric disease is a sign of hematogenous
metastases. Note the absence of pancreatic ductal dilata-
tion and the presence of mass effect on the superior mesen-
teric vein�portal vein confluence (arrowhead).
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which the list of differential diagnoses is smaller.
Hypervascular lesions typically include NET (primary)
(Fig. 11) and metastases (RCC, extrapancreatic NETs
and medullary thyroid carcinomas) (Figs. 12 and 13).
A commonly encountered feature among hypervascular
metastases is that smaller tumors enhance homogenously

Figure 10 (a) A 67-year-old man with typical non-contrast
MRI features for PCa. Axial T1-weighted gradient
recalled echo MR image at the level of the body of the
pancreas showing the typical appearance for PCa. Tumor
(arrow) is hypointense to the pancreas. (b) Axial fat-
suppressed T2 fast spin echo MR image at the same
level as (a) shows the same infiltrative mass as mildly
hyperintense (arrow). The pancreas itself is not well visua-
lized due to its relatively low signal. (c) Axial diffusion-
weighted MR image (b-value 1000 s/mm2) showing heter-
ogeneous increased signal in the body of the pancreas
consistent with a tumor (arrow).

Figure 9 A 55-year-old man with a history of renal cell
carcinoma. Axial contrast-enhanced CT image showing the
infiltrative pattern of a hypervascular metastasis (arrow-
head) in the proximal pancreas. This metastasis was asso-
ciatd with biliary obstruction (not shown), likely secondary
to the relatively large size of the metastasis and its loca-
tion. Biliary obstruction is more common with larger
metastases. Overall, the frequency of associated biliary
obstruction is less than that for primary pancreatic
cancer. Note the atrophic distal pancreas with associated
ductal dilatation (arrow), a sign of chronic obstruction.

Figure 8 A 61-year-old woman with a known history
of breast cancer. Axial contrast-enhanced CT image of
the pancreas shows an infiltrative large mass occupying
the pancreatic body and tail (arrow). Despite the extent
of disease, the superior mesenteric vein (arrowhead) is
patent.
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and larger lesions show peripheral enhancement due
to central necrosis, although this may not always be the
case (Fig. 12).

Most other metastases are typically hypovascular.
The late arterial capillary phase (also known as the pan-
creatic phase) provides maximal pancreatic parenchymal
enhancement and is optimal for lesion detection[19].
Without other associated features, it is not possible to
differentiate metastatic disease from primary pancreatic
malignancy based on lesion enhancement pattern.

Figure 14 (a) A 65-year-old man with a history of PCa.
Axial contrast-enhanced CT image showing tumor present-
ing as an irregular hypodense mass in the pancreatic head.
The tear-drop sign of the superior mesenteric vein (arrow)
is consistent with vascular invasion. Perineural (arrow-
head) invasion is likely present and involving the superior
mesenteric plexus given tumor extension along the inferior
pancreaticoduodenal artery. (b) Gross dilatation of the
pancreatic duct (arrow) is also present and supportive of
diagnosis of primary pancreatic cancer.

Figure 12 A 46-year-old woman with a history of renal
cell cancer. Axial contrast-enhanced CT image of a patient
with a history of renal cell carcinoma showing the typical
appearance of renal cell carcinoma metastases. In this
case, multiple lesions (arrows) are present throughout pan-
creas, alluding to metastatic disease. The lesions all show
central hypodensity with avid peripheral enhancement.
However, there is no pancreatic ductal dilation.

Figure 11 A 54-year-old woman with a known primary
neuroendocrine tumor of the pancreas. Axial contrast-
enhanced CT image of the pancreatic tail showing the
typical hypervascular nature of the tumor (arrow).

Figure 13 A 55-year-old woman with known medullary
thyroid carcinoma. Axial contrast-enhanced CT image of
the pancreatic neck showing small hypervascular metasta-
sis (arrow). This lies just adjacent to the common bile duct
(arrowhead), which is not invaded by tumor.
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Pattern of spread

Perineural invasion is a prominent feature of PCa, occurs
in approximately 70% of cases[20], and is thought to be
related to the presence of neurotropic growth factors[21].
It typically manifests as soft tissue infiltration along the
peripancreatic neural plexus, which runs in tandem with
the smaller branches of the peripancreatic vessels, such as
the gastroduodenal and inferior pancreaticoduodenal
arteries (Fig. 14)[22]. In our experience, such perineural
changes are unusual for metastatic disease to the pancreas.
Instead, they tend to be well circumscribed (Figs. 2 and 7).

PCa tends to invade regional vessels, such as the supe-
rior mesenteric artery and vein, and primary NETs may
demonstrate vascular invasion, with or without pancre-
atic ductal ingrowth. In contrast, metastatic lesions are
not typically associated with such findings (Fig. 6).

Due to its ductal origin, biliary dilatation is a common
feature of PCa. The exceptions to this are tumors located
in the uncinate process, which do not cause biliary dila-
tation, thereby mimicking focal pancreatitis and other
pancreatic neoplasms. In contrast, hematogenous meta-
stases to the pancreas are not commonly associated with
pancreatic main duct dilatation unless they are of rela-
tively large size. Even in such cases, duct dilatation is
often not as severe as with primary pancreatic cancer
(Fig. 9).

Peripancreatic lymphadenopathy is uncommon in
hematogenous metastases to the pancreas and is there-
fore regarded to be a sign of a primary malignancy[10].

Summary

A diverse range of metastases to the pancreas are known
to occur from extrapancreatic primary malignancies.
Through the use of illustrative examples, pertinent ima-
ging findings are described, and some features that may
differentiate them from primary malignancies of the pan-
creas are highlighted. With this knowledge, the radiolo-
gist can provide a more useful differential diagnosis.
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